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A Proposed Modification in the Official Method for the 
Assay of Posterior Pituitary Solution* 


Blackwell Smith, Jr., Julius WM. Coon, Priscilla Fourt and hk. M. K. Geiling 


INTRODUCTION technique involved in performing the assay, 
: , : . and (e) the definition of what constitutes an 
In compliance with a request of the United 
; a . assay. 
States Pharmacopeeia Revision Committee, ; 





this laboratory has undertaken a critical 
evaluation of the official guinea pig uterine 
method (1) for the assay of posterior pitui 
tary extracts. This is essentially the same 
as the method of Dale and Laidlaw (2). 
That portion of the present U. 5. P. mono- 
graph on Solution of Posterior Pituitary, 
which describes the assay of the preparation, 
The ob- 


jection, which has been raised by many, is 


is inadequate in several respects. 


that the description of the procedure and 
apparatus lacks detail. 

Those portions of the procedure which 
stand most in need of amplification or revi 
sion are: (a) the preparation of the Stand- 
ard Solution, ()) the description of the guinea 
pig uterus best suited for assay purposes, 
(c) the description of the apparatus, (d) the 


* From the Department of Pharmacology, The 
University of Chicago 

his work was supported by a grant made avail 
able by the Board of Trustees of the United States 
Pharmacopeeia 

This report was presented at the Pre-Convention 
Conference on the Pharmacopeeia in Washington, 
May 13, 1940 


Improvements in the technique of the 
assay, itself, must await completion of in- 
vestigations which are now in_ progress. 
This report deals only with the question of 
the definition of what constitutes an assay. 
Pharmacopeeial monograph 
specifically requires that an assay shall con- 
sist of ‘‘equal, submaximal contractions in 
This 
requirement fails to provide any means of 
testing the submaximal character of the con- 
tractions constituting the assay, and further- 
more demands that they be equal without 
defining what shall be considered equal by 
law. In order to correct these defects a 
new and a more precise definition of what 
should constitute a Pharmacopeeial assay is 
proposed. This suggested change in defini- 
tion takes account of biological variation and 


The present 


two successive pairs of contractions.” 


also brings about greater uniformity in tech- 
nique employed by different workers. 
PROCEDURE 


For the purpose of obtaining the desired informa- 
tion concerning the reliability and practicability of 
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a new definition of what constitutes a posterior 
pituitary assay and to gather the opinions of experi- 
enced pituitary analysts regarding this definition, 
the codperation of six other laboratories was re- 
quested. In this laboratory a posterior pituitary 
solution was prepared, according to Pharmacopceial 
specifications, from a powder of unknown potency 
and assayed for its oxytocic activity. This assay 
was carried out by the present official method, using 
the procedure as described with the single exception 
that the series of contractions considered as con 
stituting the assay was obtained as follows 


he doses of the standard and of the unknown 
solutions were determined, which, when adminis 
tered alternately, elicited a series of four contrac 
tions of approximately the same height. Then a 
third dose of the standard solution 25 per cent 
greater than that used to produce the two preced 
ing standard contractions was administered 
The height of each of the five contractions was 
measured. The first four contractions were con 
sidered submaximal and equivalent, if the difference 
in height between the highest and lowest of these 
four was less than half the difference in height be 
tween the lowest of the four and the contraction 
resulting from the increased dose of the standard, 


An example of such an assay is shown in Fig. 1. 


It may be seen that an assay obtained in this way 
shows that the first four contractions are submaximal 
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Fig. 1—Kymograph Tracings—Pituitary 
Assays. 


and furthermore precisely defines the word equivalent 
as used in relating these contractions. 

Portions of the unknown pituitary solution, pre- 
pared and assayed in this laboratory, and labeled Q, 
and also portions of the standard solution of this 
laboratory, labeled S, were sent to the codperating 
assayists with the following requests: (a) an oxy- 
tocic assay of Q by the described method, using S as 
a standard; (+) a comparison of the standard solu- 
tion of this laboratory with that of the codperating 
laboratory, also by the described method; (c) a sup- 
ply of the laboratory standard solution for compari 
son with our standard; (d) photostatic copies of the 
records of successful assays; and (e) an opinion of 
the reliability and feasibility of the suggested 
method. 

It was thought that the data received in reply to 
these requests would supply information concerning: 
(a) the consistency of assay results obtained by the 
refinement of method under trial, and (b) the com 
parison between the potency of standard solutions 
prepared and used in various laboratories 

The results of the assays carried out according to 
the proposed procedure by the codéperating labora 
tories are set forth in Table I 


Table I.—-Results of Codperative Assays Obtained 
by Following the Proposed Technique* 
Outside U. of C. Assays 


Assays of Stand of Stand 
ards with S ards with S 


Uxytocic 
Assays of YQ 


Labora Per Cent as Reference as Reference 

tory of Standard Per Cent (Per Cent) 
l 75-80 100 100 

2 77 100 100-110 
3 75-80 94-100 LOO 

4 85 LOU 

5 SU 100 LOU 

t) 85 


* The following laboratories were asked to participate in 
the codéperative assay: Abbott Laboratories; Armour and 
Co Food and Drug Administration, Eli Lilly and Co 
Parke, Davis and Co The University of Chicago, Wilson 
| aboratories One of these failed to report 


It may be noted from a study of the results ob 
tained that the assays of the unknown ( carried out 
by the various laboratories checked very closely 
Che greatest variation between any two of the assays 
was 12 per cent Che standard solutions of all the 
cooperating laboratories were found to be of prac 
tically the same potency 

Each of the laboratories which had reported at the 
time of this communication stated that in their opin 
ion the proposed method would give reliable results 
and would aid the analyst in obtaining an official 
assay 

In view of the evidence submitted of the relia- 
bility and practicability of the method described it 
has been recommended that an official posterior 


pituitary assay should be defined as foliows: 


Determine the quantity of the standard and of 
the unknown solution which, when two doses of 
each are administered alternately, will elicit a 
series of four contractions of approximately the 


same height Then administer a third dose of the 
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standard solution 25 per cent greater than that 
used to produce the two preceding standard con- 
tractions. Measure the height of each of the five 
contractions. The first four contractions are to be 
considered submaximal and equivalent if the dif- 
ference in height between the highest and lowest of 
these four is less than half the difference in height 
between the lowest of the four and the contraction 
resulting from the increased dose of standard. 
[wo such series of five contractions shall con 
stitute an assay. 


We wish to emphasize the fact that the record of 
an assay obtained in this way furnishes proof of the 
submaximal character of the first four contractions 
Furthermore the definition makes clear exactly what 
is required by the term equivalent as used in regard 
to these four contractions 

It is further suggested that the wording in the 
rubric in regard to potency should be changed from 
“One cc. of Solution of Posterior Pituitary produces 
an activity upon the isolated uterus of the virgin 
guinea pig corresponding to not less than 80 per cent 
and not more than 120 per cent of that produced by 
0.005 Gm. of the Standard Powdered Posterior 
Pituitary’’ to the following wording: “One cc. 
Solution of Posterior Pituitary produces an activity 
corresponding to that produced by 0.005 Gm. of the 
Standard Powdered Posterior Pituitary.’’ A note 
worded as follows should then be added at the end 
of the assay procedure: ‘‘Note—Owing to the many 
variable factors in the assay of solution of posterior 
pituitary, evidence of potency in all assays of solu- 
tion of posterior pituitary to within 20 per cent 
above or below the standard, is acceptable.” 

Further study of the problem of the assay of 
posterior pituitary extracts is now under way in this 
laboratory. Among the points under consideration 
are the following: (a) the composition of the bath- 
ing fluid; and (b) alternative or subsidiary methods 
of assay, namely, the pressor assay for the pressor 
principle using the anesthetized dog (3); a modifica- 
tion thereof using the anesthetized cat; and the 
blood pressure depressor assay of Coon (4) for the 
oxytocic principle using the anesthetized chicken. 
This latter method has been shown to be simple, 
speedy and reliable, and devoid of the many tech- 
nical difficulties involved in the present official 


method 


SUMMARY 


1. A refinement of the definition of what 
constitutes an official assay of solution of 
posterior pituitary is proposed. 

2. The results of a codperative study of 
the proposed definition carried out by six 
laboratories testify to its reliability and 
practicability. 


3. Achange is recommended in the word 


ing of the rubric in regard to potency of 
solution of posterior pituitary. 

4. A plan of future work on posterior 
pituitary assay is outlined. 
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Laboratory Apparatus and 
Procedure for Preparing 
Permanent Records of 
Biological Vitamin D 
Assays* 


By Arthur D. Holmes, Madeleine G. Pigott and 
Arthur N. Terry 


INTRODUCTION 


The United States Pharmacopeeia (1) sup- 
plies detailed information for conducting the 
official biological assay of cod liver oil and 
related substances for vitamin D. However, 
no suggestions are offered for preparing per- 
manent records of the results ot vitamin D 
assays. Since the results of the assays 
should be available for considerable periods 
of time subsequent to the conclusion of the 
assay, it is essential that these results be pre- 
served in a permanent form, as free as possi- 
ble from the personal factor of the assayist. 
Obviously, whenever there is a possibility of 
the results of vitamin D assays being used in 
a legal controversy or in court action their 
availability in a permanent form is of su- 
preme importance. Accordingly, it seems 
desirable to describe the procedure and 
equipment used in this laboratory for pre- 
paring permanent records of vitamin D 
assays both to assist others who are conduct- 
ing such assays and to assist, particularly, 
those who are just establishing vitamin D 
assay procedures. 


* Research Laboratories, The E. L. Patch Com- 
pany, Boston, Massachusetts. 








154 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


APPARATUS AND PROCEDURE 


At the conclusion of the U. S. P. “assay period’”’ 
(1) the experimental rats are killed by anesthetizing 
with chloroform. A lethal chamber (Fig. 1) 14 x 





Fig. 1.—Lethal Chamber. 

14 x 12 inches, outside dimensions, provides for 
anesthetizing thirty-six rats simultaneously. It is 
made of 22-gage galvanized iron, thoroughly soldered 
on allseams. The upper edge of the sides are rolled 
over a */,,-inch iron rod. The cover, which is 
carefully fitted to the chamber, is made rigid by 


3 /.e-inch iron rod 


having its lower edges rolled over a 
It is hinged to the chamber in the back and the clasp 
in front provides a tight closure. An assembly of 
thirty-six compartments 6'/, x 2 x 2 inches made out 
of perforated 22-gage galvanized iron containing the 
maximum number of °/).-inch holes (machine shop 
scrap) are firmly attached to each other by being 
soldered to */;s-inch rods. The assembly has a con 
venient handle for moving the entire group of com- 
partments as a unit. Obviously the assembly may 
contain more or less compartments depending upon 
the requirements of the laboratory for which it is 
being made, but any variation in the size of the 
assembly of compartments will necessitate changing 


the size of the outside portion of the lethal chamber 














Equipment for Staining and 
Developing Tibiz. 


Fig. 2 


The doors for the compartments are made of 26-gage 
galvanized iron 2 inches wide, with the lower edge 
having two extending strips which are doubled back 
and soldered to provide hinges. An extended upper 
edge, bent at right angles to the cover, serves as a 
Three 
links of plumbers No. 000 safety chain are soldered 
to each cover to serve as a handle for opening it. 


friction clasp for holding the door closed 


The assembly .of thirty-six compartments is sup- 
ported in the chamber by a */,-inch ledge soldered to 
the inner side of the walls of the chamber 2 inches 
from the bottom. This provides free circulation of 
chloroform fumes throughout the chamber from the 
chloroform placed at the bottom of the chamber. 
As the experimental animals are placed in the lethal 
chamber the identification of each is placed within 
the compartment or noted upon the door of the 
compartment containing the animal in question 

When the anesthetized animals are removed from 
the lethal chamber both tibie are dissected, com- 
pletely freed of all adhering tissue and placed in vials 
containing 10% formaldehyde solution. The di- 
mensions of the vials (Fig. 3) are 60 x 16'/, mm. or 
approximately 8 cc. capacity. After the tibie have 
remained in the formaldehyde for at least twenty- 
four hours the right tibia is removed, washed and 
split longitudinally (the left tibia is retained in the 
formaldehyde for future use if necessary) 

The proximal end of the right tibia is washed and 
rinsed in distilled water and immediately immersed 
in a 2% aqueous solution of silver nitrate for one 
minute. The section is rinsed with water, immersed 
in distilled water and exposed to light from a 200 


'/, inches 


watt Mazda lamp at a distance of about 5 
The sections remain exposed until the calcified area 
develops a clear, well-defined stain when they are 
again thoroughly rinsed in water and immersed in a 
5% solution of sodium thiosulfate for about 2 min- 
utes. After washing in water the extent of calcifica 
tion of the rachitic metaphysis of each section is then 
recorded and the section is returned to the original 
specimen bottle and is retained for photographing 
and any possible future reference 

In order to stain and develop a number of tibize 


at the same time the monel metal tray (Fig. 2) was 





Equipment for Examining Tibiz. 


Fig. 3 
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manufactured. It consists of solid sides, a bottom 
of '/s-inch mesh aluminum wire and partitions which 
produce 24 compartments */, x The metal 
tray with the tibiz properly identified is placed alter- 


nately in photographi 


, inch 


glass trays containing the 
solutions required for the development of the tibie 
While the tibie are being exposed to the action of 
light the wooden form (Fig. 2) containing the 200- 
watt Mazda lamp is superimposed on the glass and 
distilled 


tray with the tibie can be placed 


the metal tray containing the tibie in 


water Since the 
at a predetermined distance from the lamp and can 
be exposed for a desired period of time, all of the 
tibiae to be developed on any given day can be 


handled under uniform conditions 


The degree of healing or recalcification of the 


tibiz is viewed, through a Spencer Universal Binocu- 








Fig. 5 
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lar microscope (Fig. 3) using appropriate magnifi- 
cation. Ordinarily a magnification of 21 times is 
found desirable. While the tibia is being examined 
it is illuminated with a Spencer daylight lamp con- 
taining a 60-watt Mazdalamp. The degree of heal- 
ing or recalcification of the tibia is reported as being 
one, two, three or four ‘“‘+.’’ This is an empirical 
unit which has been assigned value by Bills, Honey- 
well, Wirick and Nussmeier (2). Obviously, the 
estimated degree of healing or recalcification of the 
tibia in terms of the empirical unit ‘‘+’’ will vary 
with the experience and judgment of the assayist. 
Hence it is highly desirable that accurate photo- 
graphs of the tibie should be made at the conclusion 
of the assay period and that these be preserved in 
good condition for future use. Such photographs 
are of inestimable value when the results of vitamin 
D assays become involved in legal controversy or 
court procedures 

The photographic records of the calcification of 
the tibia were produced with a simple and inexpen- 
sive equipment (Fig. 4) assembled in this labora- 
tory. An ordinary camera with ground glass back 
and a plate holder for holding 3'/, x 4'/,-inch plate 
is fitted with a cardboard duplicator which divides 
the plate, when in horizontal position, for two ex- 
posures on each plate. A low power Bausch & 
Lomb No. 10 microscope is attached to a wide angle 
camera lense. The short focus of the wide angle 
lense helps to make the equipment more rigid and 
the wide angle, with iris diaphragm, allows the use of 


different stops. To prevent the rat tibia from dry- 


Book for Permanent Records. 
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ing during photographing and to prevent reflections 
from the surface of the bone, it is suspended (with 
spring clothes pin) in a battery jar of water. Scotch 
tape attached to the outside of the battery jar facili- 
tates in the placing of the tibia in proper alignment 
with the camera. While the tibia is being photo- 
graphed it is illuminated by a Photoflood Bulb No. 1 
in an ordinary reading lamp equipped with a metal 
cone for converging the light directly upon the tibia. 
The “exposure time”’ for making the photographs is 
materially shortened when a low power magnifying 
lense is installed in the opening of the metal cone. 
However such a magnifying lense is not a necessary 
part of the photographic equipment. 

Trials with various types of backgrounds have 
proved that the most satisfactory results are ob- 
tained, when the background is ground glass thor- 
oughly illuminated with a 60-watt Mazda lamp. 
The distance from the end of lense combination to 
face of battery jar is 3°/, inches, from photoflood 
bulb to specimen is 8 inches, from background to 
specimen 12 inches and the distance from the ground 
glass background to the lamp illuminating it will be 
varied according to conditions, principal of which is 
the degree of illumination of the room in which the 
photographs are made. 

For rapid quantity production the camera is not 
focused for each exposure but is adjusted so that it 
will turn from side to side. It is focused for the first 
tibia on the center of the plate, the cardboard dupli- 
cator is then inserted in back of camera. The 
camera may then be turned from side to side and the 
image of the bone will be in the correct location for 
photographing on one half of the 3'/, x 4'/,-inch 
plate. After an exposure is made on one half of the 
plate the duplicator is slid over and the camera is 
turned so that image is on the other half of plate 
where a second exposure is made. The Wratten and 
Wainwright regular Panchromatic plates seem to be 
preferable and for best results the plate is over ex- 
posed and under developed. By slightly over ex- 
posing the plate greater detail is obtained in the 
shadows and dark portions of the tibia. Then by 
under developing slightly, extreme contrast in the 
high lights can be avoided. For a_ well-stained 
specimen the average exposure is 25 seconds with 
lense stop at F32 and the negative is developed for 
about 1'/, minutes. The prints of the tibia are 
made on glossy contact single weight paper but this 
is optional with the photographer. 

When the photographs of the tibiae have been 
completed they are mounted in a permanent record 
book (Fig. 5). The record book illustrated is 
specially prepared in this laboratory by assembling 
alternately sheets of plain Bond paper and printed 
forms for recording vitamin D assay results and hav- 
ing them permanently bound. From a legal aspect 
this type of record book has very decided advantages 
over a loose-leaf type of record book since there can 
be no possibility of the data having been changed at 
any time subsequent to the initial recording of it. 

The vitamin D assay results which appear on the 


right of the record book comprise data concerning 
the identification of the sample, the dilution at 
which it was fed, data for each experimental anima] 
relative to its identification number, sex, its initial, 
final and increase in weight, relative to the amount of 
the sample consumed daily, the dates for the begin- 
ning and ending of the assay period, the amount of 
ration consumed, the extent of the healing of the 
tibia and remarks. 

The photographs of the tibia are mounted on the 
left-hand page of the record book facing the vitamin 
chart and definite attention must be given to the 
type of adhesive used for mounting the photo- 
graphs. Formerly a rubber cement type of adhesive 
was used in this laboratory because of its excellent 
adhesive qualities. Unfortunately with the passage 
of time the photographs became badly discolored 
due, presumably, to interaction between the “‘rubber 
cement’’ and materials used in preparing the photo- 
graphs. At present ‘‘Foto-Flat’’ appears to be the 
best type of adhesive for permanently mounting 
photographs of tibiz 
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Salts of Alkaloids with 
Bromocomplexes of 
Some Heavy 
Metals* 


By EF. P. White 
INTRODUCTION 


It has been found by Meurice (1) that 
dilute brucine sulfate solution and potassium 
bromide with a trace of cadmium salt pro- 
duce separation of a white double bromide, 
while copper, aluminum, iron, chromium and 
chloride give no precipitate. Preliminary 
experiments suggested that a detailed in- 
vestigation of the precipitates formed under 
these conditions would be of theoretical 
interest, and might lead to microanalytical 
reactions of value. To our knowledge salts 
of this series have not been analyzed formerly 
nor their properties described. After this 


* Contribution from the Chemistry Department, 
Victoria University College, Wellington, New 
Zealand. 
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work had been completed Whitmore and 
Wood (2) described the use of some bromo- 
salts of this type for the detection of alka- 
loids. Elsewhere White (3) describes the 
microanalytical applications of bromosalts, 
the chemistry of which is described here. 

There is considerable analytical literature 
on the use of iodides of mercury, cadmium, 
bismuth, antimony, zinc and other metals 
for the detection and determination of basic 
nitrogen compounds, especially alkaloids. 
Such precipitates tend to be amorphous, in- 
soluble in water and of formulas types HHgls 
xB, H2Bil, xB, HeBil, xB, where x is 1, 1.5 
or 2 though complex ratios are common. 
Francois and Blanc (4) give for mercury the 
general formulas (Hgl:)m(BHI)m and for 
bismuth (Bil;)m(BHI)n. 

The property of forming sparingly soluble 
complexes of the type HgBCk, is one of most 
nitrogen compounds, primary, secondary or 
tertiary, strongly or weakly basic. Spar- 
ingly soluble chlorosalts are restricted almost 
entirely to the types HHgCl; xB, HAuCl, xB 
and H,PtCls xB, where B contains a fairly 
complex 


nitrogen Numerous 


chlorosalts of other metals with amines and 


system. 


alkaloids are either soluble or largely disso- 
Examples are the type 
HeCuCl, 2B described by Amiel (5), similar 
ones of certain cinchona alkaloids sparingly 
soluble in hydrochloric acid, described by 


ciated by water. 


Cohen (6) and soluble salts of tin and zinc 
described by Slagle (7) and Base (8). 
Certain mercuric bromide complexes and 
mercury, gold and platinum bromosalts of 
the same general properties as the chloro- 
analogs have been recorded and a few used 
in analysis. Corresponding bromosalts are 
often recorded by the authors quoted above, 
and are of the same general formula and prop- 
erties. During the course of this work cer- 
tain of the mercuric bromide complexes have 
been obtained insoluble in excess bromide. 
Che ethylenediamine complex HgEnBr; is 
precipitated only in the presence of excess 
bromide, but most of this type such as the 
pyridine complex HgPyBr: are dissolved by 
bromide ions. Most alkaloids in neutral or 
acid solution form sparingly soluble bromo- 
salts of the type HHgBr; xB with mercuric 
bromide without the addition of potassium 


bromide. Examples are those of brucine m. 
p. 211° and sparteine m. p. 184° where xis 1. 
In the presence of excess bromide the only 
salt analyzed of the type HMBr; B was that 
of lead and tropacocaine. A H,PgBr, for- 
mula would require two alkaloid ions, an 
arrangement which is apparently impossible. 


BROMOSALTS——THEIR PROPERTIES AND 
FORMATION BY METALS AND ALKALOIDS 


Mercuric complexes and bromosalts of the 
type formed by mercuric bromide in acid 
solution are to be distinguished clearly from 
that type of bromosalt described here, pre- 
cipitated only when excess bromide is pres- 
ent, sparingly soluble in bromide, and 
formed only by some half-dozen heavy met- 
als and by alkaloids containing certain types 
of tertiary nitrogen. 

Bromosalts of our type HzMBr, xB or 
H.MBr;, xB (for a tervalent metal) have been 
obtained sparingly soluble (that is, with 
metal and alkaloid solutions less concen- 
trated than 1 in 10) only with ions of Cd, Hg, 
Bi, Sb, Sn, Pb, Au and Pt, though the forma- 
tion of soluble salts by other common metals 
is not excluded. Bromosalts of silver cannot 
be obtained, as silver bromide is insoluble in 
potassium bromide. Salts of least solu- 
bility are formed by those metals lowest in 
the periodic table, and the crystalline form 
shows the expected similarity of cadmium 
to mercury and bismuth toantimony. Lead 
forms insoluble bromosalts with a small num- 
ber of alkaloids while tin gives them only 
with those giving the least soluble salts, 
brucine and cocaine. 

The low range and the sluggishness of the 
melting points, the slight decomposition oc- 
curring then, and the similarity of the values 
to those of the alkaloid hydrobromides sug- 
gests linkages composed of electrovalent and 
covalent forces. The bromocadmium salts 
are soluble in water up to a few per cent, 
those of mercury and lead less so and those of 
antimony and bismuth strongly hydrolyzed. 
Alcohol and covalent solvents are without 
appreciable action. In aqueous solution the 
reactions of metal, alkaloid and bromide ion 
are given, and simple precipitation methods 
will remove these ions completely. In solu- 
tion the class of compounds is represented 
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adequately by the formula B,MBr, where 
there is an alkaloid ion B and a bromo- 
metallic ion largely dissociated. Addition of 
bromide ion causes complete reprecipitation 
from solution, cadmium is less effective and 
alkaloid still less. py, determinations in 
solution yielded values to be expected from a 
slight dissociation of the alkaloid ion, and 
would not account for a free hydrogen ion per 
molecule. X-ray analysis appears to be the 
only means of obtaining definite evidence of 
the solid state. 

To follow in detail the correlation between 
sparingly soluble bromosalt formation and 
the nature of the nitrogen in the base, it will 
be necessary to make a list of structures of 
alkaloids mentioned, found conveniently in 
an alkaloid treatise (9). From the following 
study it will be apparent that the presence 
of at least one atom of tertiary nitrogen of a 
special nature is required for the formation 
of the sparingly soluble bromosalts, that in 
any reactive series the effect of substituents 
apparently remote from the reactive nitrogen 
may accentuate or hinder the ability to form 
the salts, that steric effects may be pro- 
nounced, that in alkaloids containing more 
than one nitrogen system, the effect of the 
two systems on one another is relatively 
negligible (that is the total effect can be pre- 
dicted roughly from the known ability of 
each system to form these salts). It must 
be realized that unreactive nitrogen systems 
may contribute to the formation of salts by 
assuming an ion of hydrogen, provided one 
reactive system is present in the molecule. 

Of the alkaloids investigated the following 
failed to give any sparingly soluble bromo- 
salts: adrenaline, arecoline, caffeine, col- 
chicine, coniine, cytisine, ephedrine, eserine, 
homatropine, hyoscine, hyoscyamine, d- 
lupanine, nicotine, taxine and theobromine. 
Primary and secondary amines, including 
the alkaloids adrenaline and ephedrine 
(—NH—CH;), colchicine (—NH—CO 
CH;) and cytisine (—-NH—-) are unreactive. 
So are purines shown by caffeine and theo- 
bromine, and the ring systems of pyridine, 
quinoline, iso-quinoline and piperidine as 
shown by the bases themselves. Combined 
in nicotine the pyridine system is unreactive; 


in piperine the —-CO on the piperidine nitro- 


gen makes the substance an acid and unre- 
active. Papaverine, a highly substituted 
piperidine does yield some precipitate under 
these conditions, not of the bromosalt type 
but similar to that given by pyridine with 
almost any metal ion under the same condi- 
tions. 

The N-methyl pyrollidine nucleus of nico- 
tine, and as two nuclei joined in eserine 
(physostigmine) is unreactive; so is the N- 
methyl tetrahydropyridine of arecoline, 
though these nuclei are capable of reacting 
and show considerable differences in reac 
tivity according to the effects of substituent 
groups. In narcotine where this nucleus is 
joined to another carbon ring amorphous 
salts are given with five metals, while nar- 
ceine whose formula is normally given with 
the N—Me in an open chain (potentially a 
ring) gives salts of medium solubility with 
mercury, cadmium and bismuth. From this 
it would appear that narceine has a tauto- 
meric ring form known to occur with other 
alkaloids of this series, though the precise 
nature of the rearrangement 1s not obvious. 
Cotarnine, which is known to have a tauto- 
merism between the open-chain and ring 
form containing one double bond in the 
nitrogen ring, and in its salts a ring form 
containing two double bonds (dihydro- 
pyridine), yields three sparingly soluble crys- 
talline salts and two less soluble amorphous 
ones. In this respect it is almost identical 
with hydrastinine which gives a similar 
tautomerism leading to an identity of ring 
systems. 

The morphine series on the formula of 
Gulland and Robinson contains a N-methyl 
piperidine ring attached to a phenanthrene 
nucleus. Morphine itself gives an indefinite 
precipitate only with mercury in concen- 
trated solution. Dionine with EtO in 
place of the alcoholic HO— gives amorphous 
salts of considerable solubility with mercury, 
cadmium and bismuth, while the correspond- 
ing MeO— derivative, codeine, gives crys- 
talline salts with mercury and cadmium 
only, to a considerable dilution. Thus a 
modification of the HO— remote from the 
nitrogen can exert a strong electronic effect 
that is transmitted through the ring systems, 
and alters the reactivity of the distant reac- 
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tive nitrogen. Apomorphine in which the 
points of attachment of the N-methyl piperi- 
dine are different from the morphine series 
again shows varied properties, giving salts 
only with mercury and antimony in concen- 
trated solution. 

In the quinine series the quinuclidine 
nucleus is the reactive one, the isoquinoline 
being in itself unreactive, yet capable of 
accepting a hydrogen in the formation of 
salts. The alkaloids quinine and cinchonine, 
quinidine and cinchonidine are characterized 
by forming no lead salts, ones with mercury 
and cadmium sometimes crystalline, and 
amorphous ones with bismuth and anti- 
mony, never of any great insolubility. With 
quinidine and cinchonidine, stereo-isomers of 
quinine and cinchonine, respectively, the 
salts are more soluble and solutions of alka- 
loid more concentrated than | in 100 are 
required to give them. This constitutes a 
steric effect. 

In the tropine series there is a considerable 
variation in reaction with the effect of sub- 
stituents, and a marked selectivity for lead. 
Tropine itself gives a bromosalt with lead 
only down to about | in 600. Tropacocaine, 
3-benzoyl-pseudo-tropine, is extremely re- 
active giving crystalline salts of low solu- 
bility with mercury, cadmium, antimony and 
lead, and an amorphous one with bismuth. 
Similar great reactivity is shown by cocaine, 
the 2-methyl carboxylic ester of 3-benzoyl 
tropine; the selectivity for lead is shown by 
the formation of a crystalline salt down to 1 
in 25,000 of lead, amorphous ones with the 
other metals, and even crystals with tin in 
very concentrated solution. However the 
atropine alkaloids, with the benzoyl sub- 
stituted are feebly reactive. Atropine, the 
dl-3-tropic ester of tropine, that is, with the 
benzoyl replaced by —-O—-CO—CH(OH) 
Ph reacts with lead only in very concen- 
trated solution. Hyoscyamine, the /-isomer 
gives no salts, nor does homatropine with the 
group —O—CO—CH(OH)Ph or hyoscine 
(scopolamine) a d/-tropic ester with two end 

CH,— groups modified by the introduc- 
tion of an oxygen ring. 

In the lupin series with the nitrogen at the 
junction of two six-membered rings having 
one common —-CH-—, the lupinane nucleus, 


l-sparteine with the basic nucleus doubled 
shows some reactivity by the formation of 
crystalline salts with mercury and cadmium, 
while the dl-form gives more soluble salts. 
Its keto derivative d-lupanine, with one 
group as —CO—N is unreactive showing 
that the effect of the —-CO— on the one N 
has been relayed to the other nitrogen and 
has made it unreactive. Cytisine, with a 
—CO— on one N and the other as —NH— 
is unreactive as expected. 

Strychnine and brucine with one nitrogen 
at the junction of two complex ring systems, 
and the other bearing a —CO— at a similar 
junction, form very insoluble salts. Strych- 
nine salts could not be investigated owing to 
interference from the sparingly soluble hy- 
drobromide, but definite evidence of their 
formation was obtained. With brucine, di- 
methoxy styrchnine, salts could be obtained 
pure, were crystalline and of low solubility 
for mercury and cadmium, were extremely 
insoluble (of the order 1 in 10-30,000) for 
bismuth and antimony and with lead a more 
soluble amorphous one formed. 

Certain alkaloids of indefinite structure 
have been investigated. From the work on 
the comparatively small number of alkaloids 
it is evident that the property of forming 
these sparingly soluble salts is one which will 
give some evidence as to the nitrogen type in 
a base of unknown constitution. Yohim- 
bine gives amorphous salts with the metals 
except lead and tin in concentrated solution; 
on its provisional formula it contains a 
nitrogen ring system basically similar to 
that of lupanine, and another nitrogen as 

NH— in a saturated indole ring. Aco- 
nitine known to have its single nitrogen as a 
N—Me gives a salt formation with mercury 
and cadmium only, suggesting one of the 
simpler types of reactive ring systems. 
Veratrine (cevadine) of unknown structure 
yields crystals with lead and more soluble 
amorphous salts with the remaining metals 
showing the nitrogen to be in a reactive sys- 
tem. Taxine, on the available evidence, has 
its single nitrogen as a tertiary amine form 
attached to a cyclopentenophenanthrene 
nucleus, and the failure of this alkaloid to 
give any precipitate under our conditions is 
in agreement with these findings. 
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EXPERIMENTAL 


Dilute acid solutions of the nitrogen bases were 
mixed with an excess of potassium bromide and a 
dilute solution of the metallic ion in water or dilute 
acid added. Previous microchemical tests in which 
exact drop-ratios were used had indicated any spe- 
cial precautions to be taken to prevent interference 
from alkaloid hydrobromide formation (3). Ex- 
tremely careful washing is required to remove traces 
of bromide ion that are held in the salts with some 
tenacity. Drying was done at 50°. In most cases 
small deviations of the analytical results from exact 
formulas are noted, but these are not sufficient to 
cause any doubt as to the formula. The values 
given are typical, and in nearly all cases have been 
confirmed by analysis of separate preparations, 
analytical results being in good agreement. Bro- 
mide has been determined by precipitation of silver 
bromide from aqueous solution with the addition of 
nitric acid. In recording results the formula is 
written in the particular manner for the sake of 
clarity, though the hydrogen is actually attached to 
the alkaloid, the first figure is the theoretical per- 
centage and the second an experimental one. Melt- 
ing points are average ones determined by the nor- 
mal method. 

In cadmium salts the Cd was determined by igni- 
tion with sulfuric acid and weighed as sulfate. 


H.CdBr, 2Cos Hoel No 
9.2,8.7. Br 26.5, 27.2 

Quinine: H,CdBr, CoHx»O2N2 M. p. 265 Cd 

14.8,14.6. Br 42.0, 42.5 

Cinchonine: H.,CdBry CyHxON;, 2H,0. Dehy- 
drated 120°, m. p. (anhyd.) 256°. 
Cd 15.4,14.9. Br 42.0,42.5. H,O 
(drying to constant wt. at 120°) 
4.7, 4.3. 

H.CdBr, CyH2ON, 2H,0. Dehy- 
drated 120°, m. p. (anhyd.) 226° 
Cd 15.4, 15.2. Br 42.0, 42.5 
H,O (drying to constant wt. at 
120°) 4.7, 3.7. 

H.CdBr, CysHoxN2 Cd m. p. 238 
Cd 16.8, 16.8. Br 46.5, 47.5 

Tropacocaine: H2CdBr, 2C;sHiO2N. M. p. 228°. 

Cd 12.2,13.0. Br 34.4, 33.9. 

Narcotine: H,CdBry, 2CyeH»,O;N 4H2O. Dehy- 

drated 120°, m. p. (anhyd.) 227°. 

Cd 8.4, 8.5. Br 23.9, 24.3. H,O 

(drying to constant wt. at 120°) 5.4, 

5.3. 

H.CdBr, 2C;,H,O;N xH,O. De- 
hydrated 120°, decomp. above 
Cd 13.2, 12.8. Br 37.8, 38.4. 

Cotarnine: H:CdBrz 2CpH,O.N. M. p. 202°. 

Cd 12.9, 12.3. Br 36.9, 36.0. 

Veratrine: 2H,CdBr, 3CyHwO,N. Darkens 162°, 

m. p. 261. Cd 8.5, 8.4. Br 24.3, 

24.0. 


Brucine M. p. 218 Cd 


Cinchonidine 


Sparteine 


Hydrastinine 


In mercury salts the bromide was removed by acid 
and hydrogen peroxide, HgS precipitated and dis- 
solved in bromine water, and the Hg weighed as 
zine mercuric thiocyanate. (B refers to the alkaloid 
molecule.) 


Brucine: H:HgBr, 2B. M. p. 233 Hg 15.3, 
15.1 Br 24.1, 24.1 
Quinine: H,HgBr, B. M. p. 257 Hg 21.8, 
21.0. Br 37.8, 37.7. 
Cinchonine: H,HgBr, B H,O. Dehydrated 130° 
m. p. (anhyd.) 246 Hg 24.1, 
23.6. Br 38.6, 39.3. H,O (drying 
to constant wt. at 130°) 2.2, 2.0 
Sparteine: H,HgBr, B. M. p. 278 Hg 26.7, 
27.2 Br 42.5, 42.2 
In lead salts the lead was determined by sulfuric 
ignition and weighed as sulfate 


Brucine: H.PbBr, 2B. M. p. 230-260 
15.8 Br 26.0, 26.7. 


Pb 15 6, 


Tropacocaine: HPbBr; B. Darkens 265°, shrinks 
290°. Pb 30.0, 29.2. Br 34.5, 
35.5 
With bismuth and antimony salts the pronounced 
hydrolysis with water and alcohol makes it difficult 
to prepare very pure samples. Washing with hydro 
chloric acid led to halogen absorption, but with 
glacial acetic acid washing hydrolysis was slight, and 
analytical results sufficiently close to expected sim- 
ple formulas could be obtained. 
In bismuth salts bismuth was determined by pre 
cipitation as sulfide, solution of this in nitric acid, 
and finally weighed as phosphate 


Brucine: H,BiBr,; 2B 
Br 28.5, 27.9 
Quinine: H,BiBr,; B. M. p. with gassing, 210 


M. p. 273°. Bi14.9, 14.0 


230°. Bi 22.4, 20.7. Br 42.7, 41.5 
Veratrine: H,BiBr; 2B. Bi 11.7, 11.3. Br 22.3, 
i. 


In antimony salts the metal was determined by 
precipitation as sulfide, solution of this in HCl and 
titration by iodate, using starch indicator 
Brucine: H.SbBrs. Gasses 186-197 Sb 13.2, 

13.8. Br 43.6, 41.9 
Quinine: H»SbBr,; B. Gasses 50-60°. Sh 142, 
12.9. Br 47.0, 48.5 


SUMMARY 


Certain types of tertiary nitrogen com 
pounds of the complexity of alkaloids yield 
bromosalts with ions of bromide and certain 
metals, sparingly soluble in bromide solu- 
tions. These have been investigated and 
the formulas of selected ones obtained, and 
are found to be of the type Bx MBr, or BxM- 
Br; where B is an alkaloid ion. Some char 
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acteristic physical properties are described. 
The property of forming these bromosalts is 
correlated with the type of nitrogen in the 
base; some effects of steric factors and of 
substituents on the reactivity of the nitrogen 
of the alkaloid is noted in some cases, and it 
is shown that some prediction of the type of 
nitrogen in the base is possible from a study 
of these reactions. 
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The Decomposition of 
Sulfanilamide in Tablets 


By Felice A. Rotondaro* 


Through the courtesy of Dr. Paul Nicholas 
Leech of the American Medical Association, 
our attention was directed to a report of un- 
toward reactions in four patients who had 
received sulfanilamide tablets showing a 
It was stated that 
substitution of another brand of sulfanil- 
amide tablets e!'minated the difficulty. In 
view of this report and the importance of 
sulfanilamide in the field of chemotherapy, 
investigation of the extent of the decomposi- 
tion of sulfanilamide on the market and the 


brownish discoloration. 


factors concerned in such decomposition was 
undertaken. 

A preliminary examination of the ques- 
tionable tablets by extraction with acetone, 
followed by several recrystallizations, yielded 
a residue which was appreciably darker in 
color and which had a lower melting point 
than the residue similarly obtained from the 


* Food and Drug Administration, Philadelphia, 
Pennsylvania 


second brand of tablets used. However, the 
chemical nature of the residues was not de- 
termined and no evidence was at hand to 
indicate their therapeutic significance. 


It was decided that a survey of a fairly 
representative number of sulfanilamide tab- 
lets, as well as various brands of U. S. P. 
quality sulfanilamide powder on the market, 
would give some clue to the nature and sig- 
nificance of the residues. Nineteen samples 
representing thirteen brands of tablets, and 
seven samples representing four brands of 
U.S. P. quality powder were examined. 


EXPERIMENTAL 


The quantitative results obtained for sulfanil- 
amide on all samples by the U. S. P. method showed 
that all were well within the limits of good manufac- 
turing practice. However, this method of analysis 
is based on a general type reaction and is not specific 
for sulfanilamide. This is also true of methods 
based on the determination of an element such as 
nitrogen or sulfur. Therefore, small quantities of 
decomposition products or other impurities cannot 
be readily detected in the presence of large amounts 
of comparatively pure drug by the above methods. 

Extraction of the tablets with anhydrous acetone 
followed by several recrystallizations, served to con- 
centrate the impurity. The residue obtained from 
the acetone extractions and recrystallizations was 
shown to differ from similar residues from pure sulf- 
anilamide and from tablets of sulfanilamide of 
known purity. The presence of an impurity was 
shown from the fact that the residue was of a dark 
brown color—in contrast to the pure white color of 
the pure drug—and that the melting point range was 
between 156-170° C. (Melting point of sulfanil- 
amide = 164.5-166.5° C. U. S. P. XI.) Further, 
an examination of the solidified melt by polarized 
light showed that the crystal structure was broken 
up by a foreign substance; whereas, pure sulfanil- 
amide yielded a beautiful continuous fan-like crystal 
branching from the point of crystallization. 

From the fact that some crystals of pure sulfanil- 
amide developed a brown color when exposed to 
rather bright daylight, it was inferred that the brown 
color of the tablets in question was due to some 
photochemical decomposition product of sulfanil- 
amide. 


A number of other brands of sulfanilamide tablets, 
about which no complaint was reported following 
their use, yielded acetone residues essentially similar 
to those obtained from the tablets reported to have 
caused untoward effects. This suggested that some 
substance commonly used by a number of manufac- 
turers was the interfering agent in the determination 
of the melting point and optical characteristics of 
the acetone residues. It thus became apparent that 








162 


fruitful results would depend upon a better separa- 
tion, quantitative, if possible, of the tablet constitu- 
ents, such as the “‘fillers’’ and ‘“‘lubricants’’ as well as 
the isolation of the impurity from the sulfanilamide. 

To eliminate as much of the sulfanilamide as 
possible from the small quantity of impurity, it was 
decided to use anhydrous ether as the solubility of 
sulfanilamide in this solvent is about 1 part in 1500 
at about 30° C. Preliminary trials on tablets with 
this solvent yielded a much darker residue having a 
wider range of melting point than those obtained by 
the use of acetone. The method finally adopted for 
the systematic examination of all of the samples was 
as follows: 

A representative number of tablets were ground to 
a relatively fine powder. Five gram portions of the 
powder were then placed in a 30-cc. sintered glass 
crucible and treated with 5 cc. of anhydrous ether; 
the wet sample was then thoroughly stirred with a 
glass rod for several minutes. The solvent was then 
drawn through by slight suction into a tared evapo- 
rating dish. Four more 5 cc. portions of ether were 
used as above. The 
were then evaporated in a moderate current of air by 
placing the dish on the front ledge of the steam bath 
and lowering the door of the hood to about three 
Finally, the last traces of the 


combined ether extractions 


inches above the dish 
solvent were evaporated by placing the dish on top 
of the steam bath where the temperature did not 
exceed 70-80°. After cooling, the dish was weighed. 
The dish was again placed on the steam bath for a 
few minutes, then again weighed after cooling. If 
the weight did not differ by more than one half 
milligram, it was considered constant weight. 

A portion of the residue was then placed between 
two cover slips and the melting range observed on a 
micromelting apparatus. After complete 
fusion was obtained, the apparatus was allowed to 
cool gradually and the solidification point of the 
The crystallized residue was 


point 


melt was observed. 
then examined by means of polarized light 

The results obtained by the above method are 
given in Tables I and II. The amount of residue 
varied from 0.24% to 0.43% for pure (?) sulfanil- 
amide, and from 0.30% to 1.24% for the tablet 
samples 

The melting range of the ether residues from the 
U.S. P. quality sulfanilamide samples, with one ex- 
ception, was fairly close to theory for the pure drug 
This indicated that the residue consisted, for the 
most part, of sulfanilamide, and that only a small 
proportion was actually an impurity. No appre- 
ciable difference was found in the melting point of 
drug before and after the ether treatment. 
trast, the melting range of the ether residues from 
the tablet samples varied greatly. 

The microscopic examination of the residues dur- 
ing the heating for the melting point determination 
showed the following sequence of changes: 

(A) With untreated U.S. P. Sulfanilamide, Sam- 
ples Nos. 20—26, inc. (see Figs. 1, 2 and 3): 


In con- 


1. The powder remained white until it began to 
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melt, the melting point being quite sharp (164—-166° 
ee 

2. On cooling to 140—-145° C., the melt solidified 
in characteristic fan-like crystals with fracture lines 
perpendicular to the axis of extinction. 

3. The crystalline solid appeared continuous and 
had no appreciable amounts of inclusions, extraneous 
matter or other irregularities. 

(B) With ether residues from U. S. P. Sulfanil- 
amide, Samples Nos. 20-26, inc., and tablets, Sam- 
ples Nos. 5, 6, 13-19, inc. (see Fig. 4): 

1. Slight sublimation at about 125° C. followed 
by slight yellowing of the residue 

2. Appreciable softening of some of the grains 
of the residue with further darkening at about 145°, 
The progressive softening of the residue was accom- 
panied by slight decomposition as indicated by the 
evolution of gas 

3. Complete fusion resulted at about 155-160° C, 
The cooled (cir. 140° C.) melt showed the presence 
of a few dark bodies as inclusions in the otherwise 
characteristic, though slightly yellowish, crystalline 
mass. 

(C) With the residues from the remaining sam- 


ples of tablets, Samples Nos. 1-4, 7-12, inc. (see 
Figs. 5, 6, 7 and 8): 
1. A few residues showed appreciable decomposi- 


tion—as indicated by gas evolution and yellowing of 
the softening mass at as low a temperature as 70° C. 

2. At about 100°, a portion of the melt ran off to 
the edge of the cover-slips. This melted portion was 
relatively colorless, while the portion left near the 
center of the cover-slips browned as it softened at 
about 145° C 
bles 


Complete fusion usually took place at about 160° C. 


At about 155°, numerous gas bub- 


formed, indicating further decomposition 


3. Upon cooling (cir. 130-140° C.), the browned 
melt in the center solidified to a fan-like crystalline 
mass very similar to residues in Series B. The con- 
densation of the gas bubbles, however, left a number 
Also, a number of 
carbonized 


of small round holes in the mass 


inclusion bodies—impurites and 


masses—were evident in some of the samples. The 
portion of the melt which ran off to the edge of the 
cover-slips solidified at much lower temperatures 
into feathery white crystals 

From the behavior of this last group of residues on 
melting, it became apparent that these extracts were 
mixtures of essentially two substances with rather 
wide differences in melting points. A nearly quanti- 
tative separation of the two fractions was accom- 
plished by the following method: 

A glass tube of 5-6 mm. diameter was drawn toa 
capillary and then a pledget of glass wool was 
placed in the shoulder between the capillary and the 
original size tubing. About 10 mg. of the low melt- 
ing residue was then placed in the larger end of the 
tube and two 0.2 cc. portions of ether were slowly 


drawn through the tube. The ether extract was 
allowed to evaporate on a watch glass and weighed. 
This amounted to 60-70% of the original residue. 


The melting point of this extract proved to be quite 
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Fig. 1.—Sulfanilamide, U. S. P. Powder. Sulfanilamide, U. S. P. Powder. 


Sulfanilamide, U. S. P. Powder ‘ig. Ether Residue from Sulfanilamide, 
(Polarized Light). U.S. P. Powder. 


Fig. 5.—Sulfanilamide Plus 0.5% Stearic Acid ‘ig. 6.—Sulfanilamide Plus 0.5% Stearic Acid— 
Stored in Dark Closet. After Exposure to Sunlight for 25 hours. 
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Fig. 7.—Ether Extract from Sulfanilamide 
Plus 0.5% Stearic Acid—After Exposure for 25 
Hours to Ultraviolet Light. 


sharp at 54—55° C. and its crystalline structure indi- 
cated stearic acid The use of stearic acid as a 
lubricant”’ in these tablets was later confirmed by 


their manufacturer.) The residue left in the tube 


was next extracted with two 0.2 cc. portions of an 
hydrous acetone. The solvent evaporated and the 
residue recovered amount to 30-40% of the original 
residue. The melting point of this second fraction 
was quite sharp at 158-160° C On cooling, the 
melt crystallized into the characteristic fan-like 
structure of sulfanilamide. Treatments of small por 
tions of this residue with benzaldehyde and phenyl 
hydrazine gave smooth rhombic plates similar to 
those obtained with pure sulfanilamide under like 
conditions 

Examination of the tablet samples for “‘fillers,’’ by 
first removing the sulfanilamide and other soluble 
matter with anhydrous acetone, showed the presence 
of cornstarch and talc in most of the samples. A 
few samples showed the presence of either arrowroot 
or potato starch, and some contained lactose 


Table I summarizes the results from the tablet 


samples 


Table I.—-Sulfanilamide Tablets 
Assay Per Ether, 

-ample Gr Cent Per Residue Acid 
Brand No Tab Label Cent M.p ( Stearic 
A . 2 ae 96.8 0.89 00-150 + 

> 7.49 990.7 O.85 90-150 4 
3 1 Oo7 90.4 O.R8 90-150 4 
5.04 100.9 O.R5 O--150 
ia 5 1 O5 00 70 0.36 158—160 - 
( 6 5.15 103.0 0.30 135-155 - 
D 7 4.98 99.7 1.12 70-155 + 
E 8 4.90 98.0 O.88 125-150 + 
F 9 4.97 99.4 0.80 75-150 + 
G 10 1.20 65-155 - 
11 1.24 65-155 + 
H 12 1.12 75-157 4 
J 13 7&8 105.0 0.64 145-155 
J 14 5.20 104.0 0.40 135-155 
AK 15 5.08 100.8 0.34 145-155 
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Fig. 8.—Ether Extract from Sulfanilamide 
Plus 0.5% Stearic Acid—After Exposure to 
Sunlight for 25 Hours. 


Table I.—Continued 
L 16 Oo 60 145-160 
17 156 150-163 _ 
18 0.36 155-164 
V/ 19 0.45 157-162 _ 


The essential difference between tablet Sample 
No. 1, reported to have caused undesirable reactions, 
with Sample No. 5, which was of the same brand as 
used subsequently with good results, was their con 
tent of stearic acid. It is scarcely conceivable that 
this component as such could have been responsible 
for the ill effects noted since no similar effects have 
been reported from the use of a large number of 
other brands of sulfanilamide tablets containing 
stearic acid 

The results obtained with the U. S. P. quality 


sulfanilamide are summarized in the following table 


Table I1.—-U. S. P. Sulfanilamide Powder 


Sample U.S. P. Powder Ether Residue 
S. P Melting Melting 
Brand No Assay Point Point Per Cent 
A 20 101.8 164-165 157-160 0.36 
21 100.7 164-165 160-163 0.26 
B 22 100.9 164-166 163-165 0.26 
233 100.4 164—1L66 160-166 0.24 
( 24 101.2 164-165 130-155 0.43 
25 100.8 165-167 158-163 0.36 
D 26 1OL.5 164-166 163-165 0.24 


The characteristics of the residues extracted by 
anhydrous ether from U. S. P. quality sulfanilamide 
indicated that the drugs contained some impurities 
before they were compressed into tablets. These 
impurities may be residues of the original ingredients 
used in the manufacture of the drug, or they may 
represent oxidation products of sulfanilamide, prob- 
ably the result of photochemical action 

The effect of sunlight and of ultraviolet light on 
sulfanilamide was indicated by the following pre- 
liminary experiments 
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Ia. A portion of Brand A, U. S. P. quality drug 
was placed in an ordinary clear-glass screw-cap bot- 
tle and exposed to the light of a mercury vapor lamp 
for 18 hours. 

Id. A similar sample was exposed out-of-doors 
The weather, for the most part, was 

The sample was then exposed to 
direct sunshine for 24 hours in an open Petri dish 


for two weeks 
cloudy and cool 


To another portion of the same brand of sulfanil- 
amide as used above, 0.5 per cent of stearic acid was 
added and exposed 

IIa. Similar to la 

II+. Similar to Id 
light in a bottle, and 24 hours to direct sunshine in 


namely, 18 hours ultraviolet. 
namely, two weeks to day- 


open Petri dishes 

A summary of the results of these experiments are 
presented in Table III 

In order to more effectively test the photochemical 
action of the direct rays of ultraviolet light and of 
sunshine, the following series of samples were pre- 
pared from a sample of Brand B sulfanilamide 

I. Brand B sulfanilamide (U.S. P. quality drug). 

Il Drug as in I, wetted with 25 cc. of 1:1 ace- 
tone-alcohol. Then the solvent was evaporated ona 
steam bath and the drug powdered. This solvent 
was added as a control on the experiment described 
in Series III 

Ill Drug as in I to which was added 0.5 per cent 
of stearic acid as an alcoholic-acetone solution rhe 
solvent was then evaporated and the sample pow- 
dered as in II 

Each of the series was then divided into three por- 


tions, and each portion was treated as follows: 


Ia, Ila and IIIa 


in a closet 


stored in stock screw-cap bottles 


Ib, IIb and IIIb—exposed in open Petri dishes to 
ultraviolet light for a total of 25 hours 
Ic, Ile and ITT« 
>° 


bright sunshine for a total of 25 hours. 


exposed in open Petri dishes to 


A comparison of the samples after the exposures 
showed that their appearance, both by daylight and 
by ultraviolet, was qualitatively the same, although 
the changes effected by the exposures were not as 
well marked as those described in Table III. An 
explanation for this was seen in the fact that Brand 
B sulfanilamide did not possess the bright greenish 
yellow fluorescence of Brand A sulfanilamide, Brand 
B having only a faint brownish fluorescence. An 
examination of Brand C sulfanilamide showed that 
it possessed a bright, yellowish white fluorescence 
Brand D sulfanilamide was a white crystalline sam 
ple. In ultraviolet light, it had a light cream color 


with a yellowish fluorescence 


Table III. 


Appearance 
Sample in Daylight 
U.S. P. sulfanilamide 
Ia + 18 hrs. ultraviolet 
Ib + daylight + 24 hrs. sunshine 


Ila + stearic + 18 hrs. ultraviolet Browned 


IIb + stearic + daylight + sunshine Distinctly browned 


When the results tabulated in Table II were com- 
pared with the appearance of the samples under 
ultraviolet light, the fluorescent characteristic of 
the drug appeared to be related to the small amount 
of residual ‘‘impurity” for, although the U. S. P. 
assay and the melting points of the four brands of 
sulfanilamide were found satisfactory, the amount 
and the melting characteristics of the ether soluble 
residues differed appreciably for each brand of drug. 
However, the relation of the impurities to the fluores- 
cence was not clear since none of the ether soluble 
residues possessed this characteristic. All of them 
appeared dark brown in ultraviolet light. On the 
other hand, the exposure tests indicated that the 
amount of photochemical action was dependent upon 
the power of extraneous material as the addition of 
stearic acid materially increased the depth of the 
brown discoloration produced. 

In order to determine whether the amount of ether 
soluble residue would be increased appreciably by 
photochemical decomposition, a second portion of 
100 Gm. of Brand B sulfanilamide was first extracted 
with anhydrous ether, then dried. Three series of 
samples I, II and III of 30 Gm. each were then 
Each series was again subdivided 
into three 10 Gm. portions. A portion of each 


made as above 


series was treated in one of the following ways: 


Ia, Ila, [1la—kept in a dark closet. 
Ib, Ilb, I11b—exposed to 25 hours of ultraviolet 
light 


Ic, IIc, II Ice—exposed to 25 hours of sunshine. 


After the exposures, each sample was once more 
subdivided into a reference (R) sample and an ex- 
perimental (E) sample. The E£ samples were ex- 
tracted with five 5 cc. portions of ether, the solvent 
evaporated, and the residues weighed. The average 
of three subsequent extractions with similar amounts 
of ether was then subtracted from the first weight in 
order to correct for the amount of sulfanilamide in 
the residue. In the case of Set III, an additional 
correction was made because of the added stearic 
acid. The results obtained are given in Table IV. 


Table IV.—Ether Residues from Sulfanilamide 
Exposed to Ultraviolet and Sunshine 


(Corrected for sulfanilamide and stearic acid content. 


II 
1 (15% 
I Acetone +. Stearic Acid 

Untreated Alcohol) Added) 

Exposure Per Cent Per Cent Per Cent 
a) Closet 0.04 0.04 0.04 
b) Ultraviolet 0.04 0.10 0.11 
c) Sunshine 0.04 0.10 0.29 


Effect of Ultraviolet and of Sunshine on Sulfanilamide 


Appearance in Ultraviolet Light 


Clean white powder White with a bright greenish yellow fluorescence 
Slightly discolored 
Light brown colored Distinctly browned, no fluorescence 


Very light cream colored, slight fluorescence 


Distinctly browned, no fluorescence 
Dark brown, no fluorescence 
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The results indicate that those portions of each 
series kept in a dark closet had undergone no ma- 
terial change. Series I apparently had not suffered 
any change when exposed to ultraviolet light (5) or 
sunshine (c) if judged by the amount of ether residue 
However, this was not the case because the color of 
the series was progressively darker from (a) to (b) to 
(c) The color of the samples (a), (+) and (c) was 
not appreciably changed by the extraction with 
ether. This indicated that, although a change had 
taken place, the dark product of photochemical 
action was not extractable with ether. On the other 
hand, the color of samples (6) and (c) of Series III 
was lightened by the ether extraction because of the 
fact that a large proportion of the extract was the 
added stearic acid which was likewise discolored by 
the exposures. However, the color of these samples 
after the removal of the ether soluble matter was 
markedly darker than the samples in Series I and II 
similarly exposed. It is apparent from this experi 
ment that stearic acid increases the amount of ether 
insoluble as well as the ether soluble pigment. 

The larger ether residues obtained in the case of 
Series II when exposed to ultraviolet light and to 
sunshine indicated the possibility that the alcohol 
acetone treatment of sulfanilamide caused the forma 
tion of some complex which is readily affected by 
ultraviolet or solar radiation This was shown not 
only by the higher residues but also by an apprecia 
bly greater discoloration than those produced in 
Series I 

An attempt to determine the character of the resi 
dues by the colorimetric procedure of Rosenthal and 
Bauer (1) failed to give positive results for the usual 
oxidation products of sulfanilamide; namely, hy 
droxylamine, nitroso or nitro compounds. A coup 
ling test with sulfanilic acid, however, indicated the 
presence of small amounts of phenolic bodies—prob- 
ably para-aminophenol. Also, this test indicated 
appreciable amounts of phenolic bodies in the residue 
obtained by the ether extraction of the sulfanilamide 
powder used in this series of tests (Brand B). A 
comparison of this residue with the original drug by 
Marshall’s method indicated that the residue was 
approximately 85 per cent sulfanilamide. The re 
maining 15 per cent was impurity and calculated to 
0.038 per cent of the original sample. This latter 
figure is comparable to the 0.04 per cent impurity 
found in the various portions of Series I, II and III 


see Table IV) 


CONCLUSIONS 


1. Investigation of sulfanilamide tablets 
on the market failed to reveal decomposition 
to any appreciable extent. 

2. The small quantities of 
found are traceable, for the most part, either 


impurities 


to the residual impurities in the brand of 
drug, or to added “‘lubricant’’ used in the 
process of tablet manufacture. 


3. Under extreme conditions of exposure 
to ultraviolet light or to sunshine, sulfanij- 
amide may undergo appreciable photochemi- 
cal change, especially in the presence of im- 
purities. The use of stearic acid as a “‘lubri- 
cant’ in sulfanilamide tablets is not advis- 
able as it apparently promotes photochemi- 
cal decomposition of the drug. 


Grateful acknowledgment is made of the 
assistance of Mr. Edward M. Lutz in pre- 
paring the photomicrographs. 


REFERENCE 


(1) Rosenthal, S. M., and Bauer, H., 
Health Reports, 54 (1939), 1880 


Public 





A Study of the Assay of 
Blaud’s Pills and Effects of 
Various Sugars upon 
Their Stability* 


By M.L. Neurotht and C. O. Leet 


This study was undertaken for the pur- 
pose of examining the effects of various 
sugars upon the ferrous iron in Blaud’s Pills. 
The accuracy of several methods of assay for 
this preparation have also been investigated. 

The assay for Blaud’s Pills in the U. S. 
Pharmacopeceia XI permits the use of dichro- 
mate with diphenylamine T.S. as the indi- 
cator. The Second Supplement permits the 
use of ceric sulfate with ortho-phenanthroline 
T.S. as the indicator. 

Recent investigators have shown that ceric 
sulfate is a satisfactory oxidizing agent for 
ferrous iron determinations. Several indi 
cators have given good results with it. 


EXPERIMENTAI 


THE PREPARATION OF THE PILL MASSES 


The official formula for Pills of Ferrous Carbonate 
is as follows: 


Ferrous Sulfate, in clear crystals 16 Gm 
Potassium Carbonate 8 Gm 
Sucrose, finely powdered 4Gm 


* An abstract of a thesis presented to the faculty 
of Purdue University in partial fulfilment of the 
requirements for the degree of Master of Science 

tT Instructor in Pharmacy, Ohio Northern Uni- 
versity 

t Professor of Pharmacy, Purdue University 
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1 Gm 
1 Gm 


Tragacanth, fine powdered 

Althea, in very fine powder 

Glycerin, a sufficient quantity 

Distilled, water, a sufficient quantity 

To make 100 pills 

The formula was made into a mass according to 

the official directions. This formula and procedure 

were used for preparing six other masses substituting 

as many different sugars for sucrose. The sugars 

which were selected for study may be classified as 

follows 


I. Monosaccharides 
l Pentoses 
a) Arabinose 
(b) Rhamnose 
é Hexoses 
a) Galactose 


bh) Fructose 


IT Disaccharides 
a) Sucrose 
b) Maltose 


II! lrisaccharide 
1) Raffinose 


Each of the seven masses was divided into eight 
portions. One portion of each was labeled as the 
control. A second portion of each was assayed im- 
mediately rhe remaining 42 portions were placed 


separately in screw-capped vials. These were as- 


sayed at intervals of from two to six weeks through 
the year, making seven series of assays in all 


VOLUMETRIC SOLUTIONS AND INDICATORS 


) 


Furman (1), Willard and Young (2), Ferrey (3), 


Watt (4), and Lyons and Appleyard (5) all studied 
the possibilities of ceric sulfate standard solution for 
use in the estimation of ferrous iron. They con- 


cluded that it was a good reagent for the titration of 
ferrous iron in the presence of organic reducing sub- 
stances. For this reason we have chosen to use it in 
this study 

A Solutions ] 
proximately 0.1.M@ (mol. wt 
SO,.2H,O) in 1N H.SO, 

Dissolve 63 Gm. of the hydrated salt in about 300 
500 ml 


Ceric ammonium sulfate ap- 
628) Ce(SO,)..2(NH: 


of water containing 28 ml. of concentrated 


sulfuric acid. When solution is complete, dilute to 


one liter. Standardize the solution against 99.8 per 
cent arsenic trioxide in the following manner: Place 
0.15-0.22 Gm. of arsenic trioxide, previously dried to 
and accurately weighed, 
Add 15 ml. of 2N 
sodium hydroxide and warm the mixture gently to 
When 
completely dissolved, cool it to room temperature 
and add 25 ml Dilute the 
solution to 100 ml. and add 3 drops of 0.01. M osmium 


tetroxide (0.25 Gm. OsO, in 100 ml. of 0.1.N sulfuric 


constant weight at 100° C 


in a 250-ml. Erlenmeyer flask 


hasten solution the arsenic trioxide has 


of sulfuric acid (1:5) 


acid) as a catalyzer. A blank should be run and a 


167 
correction made for the amount of the osmium tet- 
roxide. Titrate the solution with the ceric ammo- 
nium sulfate using one drop of ortho-phenanthroline 
ferrous ion solution as an internal indicator. Each 
ml. of tenth normal ceric ammonium sulfate solution 
is equivalent to 0.004946 Gm. of arsenic trioxide 
(4, 6). 

The ferrous iron content was also determined by 
titration with potassium dichromate using diphenyl- 
amine as an internal indicator. 

2. An approximately 0.1.N solution of potassium 
dichromate was prepared by direct weighing and the 
normality checked by titration against a dissolved 
sample of pure iron wire using potassium ferricyanide 
as an external indicator. 

B. Indicators—Three internal indicators were 
selected for comparison as to accuracy and color 
change at the end-point when ceric ammonium sul- 
fate was used. Each indicator solution was used in 
turn. They are as follows: 

1. Ortho-phenanthroline ferrous complex ion 
(0.025M). This indicator solution was purchased 
ready for use 

2. Xylene Cyanole F.F. The strength of this 
indicator was 0.1 per cent in water, one-half ml. be- 
ing added in each titration near the end-point. The 
color change should be from a light green to a pink. 

3. Phenylanthranilic Acid. Dissolve 0.11 Gm. 
of phenylanthranilic acid and 0.3 Gm. of anhydrous 
The 
is colorless when freshly prepared, but 
The slight 
oxidation does not affect the indicator action of the 
solution. Two or three drops are used for each ti- 


sodium carbonate in 100 ml. of distilled water. 
solution 
changes to a pink after several months. 


tration. The color change at the end-point is from 
colorless to a deep pink when an excess of ceric am- 
monium sulfate is present. 

Dissolve 1 Gm. of the 
This 
solution was used as an internal indicator with the 
dichromate solution for the estimation of the ferrous 


4. Diphenylamine T-.S. 
substance in 100 ml. of reagent sulfuric acid. 


ion in the pill masses 

In order to obtain a check on the various methods 
of assay employed for the determination of the fer- 
rous iron content of the pill masses, additional analy- 
ses of the ferric and total iron were made. 

C. Preparation and Standardization of Stannous 
Chloride Thirty-five grams of stannous 
chloride were added to 300 ml. of concentrated hy- 
drochloric acid and the volume made up to 2000 ml. 


Solution 


The solution was filtered into an aspirator bottle 
arranged in such a way that an atmosphere of carbon 
dioxide could be maintained throughout the entire 
procedure 

To determine the strength of the solution place 
0.2 Gm. of pure iron wire, cleaned, dried and accu- 
rately weighed in 25 ml. of 25 per cent sulfuric acid. 
Add 1 Gm. of potassium chlorate and boil gently 
until solution is complete and all the iron is oxidized 
to the ferric condition. Continue the heat until the 
It is neces- 
Cool 


excess chlorate has been decomposed. 
sary that there be no free chlorine present. 
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Fig. 1.—Pills of Ferrous Carbonate (Arabinose Fig. 2.—Pills of Ferrous Carbonate (Fructose), 
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Fig. 3.—Pills of Ferrous Carbonate (Galactose). Fig. 4.—Pills of Ferrous Carbonate (Maltose) pill 
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Fig. 5.—Pills of Ferrous Carbonate (Raffinose). Fig. 6.—Pills of Ferrous Carbonate (Rhammnose). 
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Fig. 7 Pills of Ferrous Carbonate, U. S. P. XI 
(Sucrose). 


the solution and dilute to approximately 75 ml 
Heat again to redissolve the residue which has 
formed. ‘Titrate the hot solution immediately in an 
atmosphere of carbon dioxide with the stannous 
chloride solution until the color of the ferric ion dis 
Back titrate the 
excess tin solution with an iodine solution previously 


appears, then add 2 ml. in excess 


standardized against the stannous chloride solution 
Determine the stannous chloride-iodine solution 
ratio by titrating 2 ml. of the tin solution with the 
iodine solution using a freshly prepared starch T.S 
as the indicator. 

D. Analysis of the Pill Masses.—In order to 
avoid errors due to possible variations of small quan- 
tities the analysis was run on the pill mass rather 
Errors due 
to lack of uniformity of pills is thus minimized. The 


than on a few pills made from the mass 
following procedure was applied. A portion of the 
pill mass, approximately 4 Gm., was dissolved in 
37.5 ml. of cold 25 per cent W/V sulfuric acid and 
diluted to 250 ml. and the following titrations made: 

1. Ferrous Iron: (a) Titrate 25 ml. of the solu 
tion against the standardized ceric ammonium sul- 
fate solution using ferrous ortho-phenanthroline as an 
internal indicator 


(b) Titrate 25 ml. of the solution against the ceric 
ammonium sulfate solution using xylene cyanole 
F.F. as the indicator 

(c) Titrate another 25 ml. sample against the 
standardized potassium dichromate solution using 
diphenylamine T.S. as an internal indicator 

(d) Titrate another 25 ml. sample against the ceric 
ammonium sulfate solution using phenylanthronilic 
acid as the indicator 

2. Ferric Iron. (a) Heat 25 ml. of the solution 
and titrate against the standardized solution of 
stannous chloride in an atmosphere of carbon di- 
oxide. Add enough of the tin solution to dissipate 
the color of the ferric ion, then add just a slight ex- 


cess. Again warm the solution to insure complete 
reduction of the iron. Titrate the excess tin against 
an iodine solution using a fresh starch T.S. (1 ml.) 
as an indicator. 

3. Total Iron. (a) Add 1 Gm. of potassium 
chlorate to 25 ml. of the solution and heat strongly 
to oxidize all of the organic material present and to 
convert all of the iron to the ferric condition. Boil 
the solution vigorously to destroy the excess potas- 
sium chlorate and to remove any chlorine which 
might prevent the subsequent reduction of the iron. 
Dilute the solution to approximately 75 ml. and heat 
until the residue which has formed is dissolved. 
Adjust the solution to a temperature of 75° and ti- 
trate against the standardized solution of stannous 
chloride in an atmosphere of carbon dioxide. Add 
enough stannous chloride to dissipate the color of 
the ferric ion, then just a little excess. Warm the 
solution again to insure complete reduction of the 
ferric ion. Titrate the excess tin solution against an 
iodine solution using a fresh starch T.S. as an indi- 
cator. 

Each titration throughout the entire series of as- 
says was run in duplicate. 

In regard to the advisability of starch T.S. as an 
indicator, Kolthoff and Furman (7) state that the 
sensitivity is 1 X 10~* to2 K 10~‘* iniodide. The 
delicacy decreases with a rise in temperature. 
Starch serves best as an indicator at temperatures be- 
tween 15° C. and 87° C. and it is oxidized by iodine 
at high temperatures. Organic substances diminish 
the sensitivity of the iodine-starch reaction. Every 
effort was made in this work to control all the factors 
which might affect the reactions at the end-point of 
the titration. 

Sutton (6) advises a slight excess of stannous chlo- 
ride solution and back titration with standard iodine 
solution 


TITRATION DATA 


The results of 588 titrations are represented in the 
seven figures which follow. 

Graph No. 1 of each figure represents the values 
obtained for ferrous iron determined by titrating 
with potassium dichromate solution using diphenyl- 
amine as the indicator. 

Graph No. 2 of each figure records the total per 
cent of iron measured by oxidizing the mass and 
subsequently titrating with stannous chloride solu- 
tion to an excess, and back-titrating with iodine solu- 
tion and starch T.S. as the indicator. 

Graph No. 3 of each figure really represents three 
titrations. Ceric ammonium sulfate solution was 
used as the oxidizing agent. In ome case ortho- 
phenanthroline-ferrous complex was used as the 
indicator; phenylanthranilic acid and xylene cyanole 
F.F. were the other two indicators employed. Inas- 
much as the values obtained in each case were prac- 
tically the same, the average of the three determina- 
tions was recorded in the one graph. 

Graph No. 4 of each figure shows the quantity of 
ferric iron found in the mass by using the stannous 








170 JOURNAL OF THE AMERICAN I HARMACEUTICAL ASSOCIATION 


chloride-iodine titration method without preliminary 
oxidation 

The iron content is expressed in percentage by 
weight based upon the original weight of each por 
tion of the mass. The dates of each series of assays 


are indicated. 


SUMMARY AND CONCLUSIONS 


1. All of the masses except the one made 
with sucrose retained good color and plas 
several months of 


ticity throughout the 


study. The freshly prepared sucrose mass 
By the end of the 


second week it had developed a reddish 


had a fine appearance. 
brown color. After nine months the mass 
was hard and much oxidized at the surface. 
Internally the color was grayish green with 
brown spots throughout. The assays indi- 
cated that the ferrous iron had almost com- 
pletely oxidized to the ferric iron. 

2. The masses made with maltose and 
rhamnose showed some crystallization at the 
surface after several months. 

3. Lucas and Stevens (1905) and Green 
ish (1904) observed that reducing sugars 


were capable of changing the ferric iron in 


Blaud’s Pills to the ferrous state. Our ob 
servations seem to bear out this fact. 
4. The variations between the ferrous 


and ferric iron content are consistent in most 
cases, as is indicated by the results for total 
iron except for galactose. 

5. There is need for further investigation 
into the role played by reducing sugars in 
preventing the oxidation of ferrous iron in 
Blaud’s Pills. 

6. The ceric ammonium sulfate assay is, 
without doubt, more accurate than the di 
chromate procedure. 

7. There seems to be no difference be- 
tween ortho-phenanthroline-ferrous complex 
ion and phenylanthranilic acid as internal 
indicators for use with ceric ammonium 
sultate. 

8. Xylene cyanole F.F. was not wholly 
reliable as an internal indicator when used 
with sulfate. In 


the end-point 


ceric ammonium some 
cases the color change at 
failed to develop. This gave erratic results. 

9. Potassium dichromate with diphenyl- 
amine T.S. as an internal indicator invari- 
ably gave high results on the estimation of 


ferrous iron. 
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Phytosterol from the Buds 
and Fruit of the Tung Tree 
(Mleurites fordtt Hemsl.)* 
By Harold WM. Sell and Albert H. Best 


Work has been in progress at the U. §., 
Field Laboratory for Tung Investigations at 
Gainesville, Florida, on the physiological 
functions and nutrition of the tung tree at 
various periods of the year when major 
changes are taking place in the different tis- 
sues. In the course of this study, the wax- 
like substance found in the terminal bud was 
of interest. The literature (1, 2) does not 
report any work on the biochemical com- 
In this 


investigation a sterol has been isolated in a 


position of the dormant tung bud. 


crystalline state from the bud and mature 
fruit and identified as phytosterol 


EXPERIMENTAL 


Preparation of the Extract from Tung Buds.—In 
February of 1940, 7.1 lb. of buds! were collected 
from trees in the Alachua Tung Oil Orchards. The 
buds were cut into small pieces and extracted with 
petroleum ether for 24 hours. They were then 
ground to pass a 2-mm. mesh sieve and extracted for 
an additional 24 hours. Of this extracted material, 
400 Gm. were saponified by refluxing with 350 ml. of 


15% potassium hydroxide in 85% ethanol for 2 
c Cc 


hours. After saponification the solution was diluted 


with 1200 ml. of water and extracted in a continuous 


* Division of Fruit and Vegetable Crops and Dis- 
eases, Bureau of Plant Industry, United States De 
partment of Agriculture, Gainesville, Florida 

1 We are indebted to Mr. Rolf Buckley of the 
Alachua Tung Oil Company for this material 
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extraction apparatus with petroleum ether. The 
petroleum ether extract was concentrated to dryness 
in vacuo at 50° C. The residue was taken up in 200 
ml. of acetone and precipitated with 800 ml. of a1% 
solution of digitonin (3) in ethanol. The sterol 
digitonide was collected on a Biichner funnel and 
washed with chloroform, ethanol and ether. The 
yield was 9 Gm 

Preparation of Sterol Acetate-—The sterol acetate 
(4) was obtained by refluxing the digitonide with 60 
ml. of acetic anhydride for 2 hours. The acetate 
separated from the cooled solution and was recrys- 
tallized from acetic anhydride until a constant melt- 
ing point was obtained. The product was dried in 
an Abderhalden drier for 4 hours at 100° C. and 4 
mm rhe final yield was 1.2 Gm rhe following 
prope! ties were observe d 

Melting point—121.8-123° C. A mixed melting 
point with a known sample of phytosterol acetate 
gave no depression 

Rotation [a]*{——33.3 in U. S. P. chloroform 
where C 

Color reactions— Positive test with Whitby’s test 
B: Whitby and Salkowski; Liebermann and Bur 


chard; Rosenheim and Page 


0.1 Gm. in 10 ml 


Preparation of Free Sterol The free sterol was 
obtained by refluxing 0.7 Gm. of sterol acetate with 
50 ml. of a 4% solution of potassium hydroxide in 
85% ethanol rhe sterol crystallized from the solu 
tion upon cooling. It was recrystallized from abso 


lute ethanol until a constant melting point was ob 


tained The product was dried in the Abderhalden 
drier for 4 hours at 100° C. and 4mm. The yield 
was 0.6 Gm. of the purified sterol rhe following 


properties were observed 


Melting point—136.7-137.7° C. A mixed melt 
ing point with known phytosterol gave no depres 
sion 

Rotation |a}‘p -32.7 in | S. P. chloroform 
where C 0.1 Gm. in 10 ml 

Color reactions—-Positive test with Whitby’s test 
B; Whitby and Salkowski; Licbermann and Bur 


chard; Rosenheim and Pag« 


Sterol Benzoate The sterol ben 


zoate (5) was prepared by dissolving 0.1 Gm. of the 


Preparation 


sterol in 4 ml. of anhydrous pyridine and then adding 
1 ml. of benzoyl chloride The mixture was shaken 
and then warmed The reaction product. was 
poured into 10 ml. of water and shaken rhe super 
natant liquid was decanted and the residue stirred 
with 5 ml. of 5% sodium carbonate rhe precipi 
tate was filtered on a Biichner funnel and recrystal 
lized from absolute ethanol until a constant melting 
point was obtained 

Melting point—146-—147.2° C 


point with a known sample of phytosterol benzoate 


A mixed melting 


gave no depression 
From these constants it is apparent that the sterol 
is phytosterol 


The sterol from the fruit was obtained from the 
non-saponifiable portion of the kernel. This sterol 
was found to be identical with the sterol from the 
buds, since its derivatives had the same constants 
as listed above. 


SUMMARY 


A sterol has been isolated from the buds 
and the mature fruit of the tung tree and 
identified as phytosterol. 
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Pharmaceutical Emulsions. 
IV. Mixtures of Acacia and 
Tragacanth as Emulsifying 
Agents*! 
By William J. Husat and Charles H. Becker** 


INTRODUCTION 


In previous papers (1, 2, 3) detailed stud- 
ies were made of the Continental and English 
methods of making emulsions; these older 
methods of emulsification were compared in 
efficiency with the use of various mechanical 
stirrers and a hand homogenizer for making 
emulsions. The present investigation is de- 
voted to a study of acacia-tragacanth mix- 
tures as emulsifying agents, using various 
methods of emulsification. 


EXPERIMENTAL 


Materials Used.—The oils selected for study were 
cod liver oil, linseed oil, castor oil and heavy mineral 


* Presented before the Scientific Section, A. Pu. 
A., Richmond meeting, 1940 

t This paper is based on part of a thesis presented 
to the Graduate Council of the University of Florida 
in partial fulfilment of the requirements for the de- 
gree of Doctor of Philosophy. 

t Head Professor of Pharmacy, University of 
Florida. 

** Graduate Scholar, University of Florida, 1939— 
1940 
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oil; the oils were of U. S. P. quality. Powdered 
acacia and powdered tragacanth of U. S. P. quality 
were employed. One-tenth per cent sodium ben- 
zoate was added to the distilled water to prevent 
mold growth in the emulsions while standing for 
observation 

For viscosity determinations by the steel ball 
method, Nessler tubes, 30.5 cm. in length and 1.7 
cm. in internal diameter, were employed. Steel 
balls, 0.317 cm. ('/s inch) and 0.634 cm. ('/, inch) 
respectively, in diameter, were used. The '/s-inch 
steel balls weighed approximately 0.13 Gm. and the 
'/,-inch steel balls weighed approximately 1.04 Gm. 

Methods 
the same as described in a previous paper (1). 

In the tables ‘Oil Sep.”’ 
separation 


The general methods employed were 


is used to indicate oil 
The following abbreviations are used 
to indicate the average size of the oil globules. 


Average diameter less than 2.5 microns. 


A 

B—Average diameter from 2.5 to 4 microns 
C—Average diameter from 4 to 6 microns. 
D 


Average diameter more than 6 microns 


In the following work, unless otherwise specified, 
60 cc. portions of 12'/,% oil emulsions were pre- 
pared using a porcelain pestle, 15.0 cm. in length 
and 4.5 cm. in diameter at the base, and a No. 1 
wedgwood mortar 

Variation in Proportion of Tragacanth and Acacia 
(Continental Method of Emulsification).—The acacia 
and the tragacanth were first triturated with the 4 
parts of oil, and then the 2 parts of water was added 


all at once. The resulting primary emulsion was 


triturated for 5 minutes, and the remainder of the 
water was added gradually with constant trituration. 
The effect of variation in proportion of tragacanth 
and acacia is given in Table I. 

Results of Table I show that a decrease in the 
proportion of acacia with a corresponding increase 
in the proportion of tragacanth caused an increase 
in the size of the oil globules and produced less 
stable emulsions. When using acacia alone, the 
emulsions were whiter in appearance and showed 
less creaming (1) 

Variation in Proportion of Acacia Keeping Traga- 
canth Constant (Continental Method of Emulsifica- 
ttion).—The proportion of tragacanth (0.1 part) was 
kept constant throughout, but the proportion of 
acacia was varied. The emulsions were prepared 
in the same manner as described in the preceding 
experiment. The effect of variation in proportion 
of acacia, keeping tragacanth constant, is given in 
Table II 

Results of Table II show that tragacanth did not 
aid acacia in stabilizing the emulsions. When using 
acacia alone, the emulsions were whiter in appear- 
ance, showed less creaming and the average size of 
the oil globules was smaller (1) 

Variation in Proportion of Tragacanth Keeping 
Acacia Constant (Continental Method of Emulsifica 
tion).—The proportion of acacia (1 part) was kept 
constant throughout, but the proportion of traga 
canth was varied. The emulsions were prepared in 
the same manner as the emulsions in Table I. The 
results are given in Table ITI. 

Results of Table III show that a rather high pro- 
portion of tragacanth was necessary in most in- 


Table I.—-Variation in Proportion of Tragacanth and Acacia 


Continental Method 


Cod Liver Oi! Linseed Oil Castor Oj Mineral Oil 

Aver Aver Aver Aver 
age age age age 

Size of Size of Size of Size of 
Parts of Appearance Oil Appearance Onl A ppearance Onl Appearance Oil 
Traga Parts of of Emulsion Glob of Glob of Emulsion Glob of Emulsion Glob 
canth? Acacia® 3 Hours bules Emulsion ules $ Hours ule 3 Hours ules 
0.01 0.9 Stable A Creaming D Creaming A Stable A 
0.02 0.8 Creaming B Creaming D Creaming A Creaming B 

0.03 0.7 Creaming B Creaming D Creaming B Creaming ( 

0.04 0.6 Creaming B Oil Sep D Creaming B Creaming D 
0.05 0.5 Creaming D Oil Sep D Creaming D Creaming D 
0.06 0.4 Creaming D Oil Sep D Creaming D Creaming D 
0.07 0.3 Creaming D Oil Sep D Creaming D Creaming D 


* Number of parts of gum used for 4 parts of oil and 2 parts of water 


Table II. 


Variation in Proportion of Acacia Keeping Tragacanth Constant 


Continental Method 


Cod Liver Oil Linseed Oil Castor Oil Mineral Oil 

Aver- Aver Aver A ver- 

age age ige age 

Size of Size of Size of Size of 

Parts of Appearance Oil Appearance Orl Appearance Oil Appearance Oil 

Traga Parts of of Emulsion Glob of Emulsion Glob of Emulsion Glob of Emulsion Glob 

canth® Acacia® 3 Hours ules 3 Hours ules 3 Hours ules 3 Hours ules 
0.1 1.0 Creaming D Creaming D Stable A Creaming 4 
0.1 0.8 Creaming D Creaming D Creaming Cc Creaming ( 
0.1 0.6 Creaming D Creaming D Creaming D Creaming D 
0.1 0.4 Creaming D Creaming D Creaming D Creaming D 
0.1 0.2 Creaming D Creaming D Creaming D Creaming D 


@ Number of parts of gum used for 4 parts of oil and 2 parts of water 


St 
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the Table III.—-Variation in Proportion of Tragacanth Keeping Acacia Constant 

=e. (Continental Method) 

ith Cod Liver Oil Linseed Oil Castor Oil Mineral Oil 
Aver- Aver- Aver- Aver- 

, age age age age 
the Size of Size of Size of Size of 
ase Parts of Appearance Oil Appearance Oil Appearance Oil Appearance Oil 

Traga Parts of of Emulsion Glob- of Emulsion Glob- of Emulsion Glob- of Emulsion Glob- 
‘ase canth® Acacia® 3 Hours ules 3 Hours ules 3 Hours ules 3 Hours ules 
less 0.1 1.0 Creaming D Creaming D Stable A Creaming c 
the 0.2 1.0 Creaming D Creaming D Creaming D Creaming D 

a 0.3 1.0 Creaming D Creaming D Stable D No emul- 
ver sion 

formed 
ga- 0.4 1.0 Stable D Stable D Stable D No emul- 
s sion 
lca - 
formed 
was 7 
of * Number of parts of gum used for 4 parts of oil and 2 parts of water 

( 
red 
ing 
ion stances to yield emulsions which were stable during After adding all of the oil, the final mixture was tritu- 

in a 3-hour period of standing. When using acacia rated for 5 minutes, and then the remainder of the 
alone, the emulsions were whiter in appearance, water was added gradually with constant trituration. 
not showed less creaming and the average size of the oil The results are given in Table IV. 
ing globules was smaller (1). Results of Table IV show that tragacanth did not 
ar- A series of emulsions was also prepared in another aid in stabilizing the emulsions. An increase in the 
. of way, using the Continental method of emulsification proportion of tragacanth caused an increase in the 
and the same proportions of tragacanth and acacia size of the oil globules and produced less stable 
ing as employed in the preceding experiment. The one emulsions. When using acacia alone, the emulsions 
ca part of acacia was triturated well with the 4 parts of were whiter in appearance, showed less creaming, 
ept oil, and then the 2 parts of water was added all at and the average size of the oil globules was smaller 
ga once. The resulting primary emulsion was tritu- (2) 
| in rated for 5minutes. A mucilage of tragacanth, con Use of Homogenizer.—In this series of emulsions, a 
“he taining 0.1% sodium benzoate and 0.187 Gm. of mucilage of tragacanth containing 0.1% sodium 
tragacanth in 10 cc. of the mucilage was added to benzoate and 0.187 Gm. of tragacanth in 10 cc. of 
ro the primary emulsion. The mixture was triturated the mucilage and U. S. P. mucilage of acacia were 
in- for about a half minute, and the remainder of the employed. In all cases, the 4 parts of oil, mucilage 
water was added gradually with constant trituration of acacia, mucilage of tragacanth and water were 
With reference to the rate of creaming within a 3 placed in the hand homogenizer in the order named. 
hour period of standing, the results were the same The whole mixture was passed through the ho- 
as in Table III, although the average size of the oil mogenizer three times. Results of use of the hand 
globules was smaller and the emulsions were whiter homogenizer are given in Table V. 
when using this method of preparation Results of Table V show that in the case of cod 
f 


Variation in Proportion of Tragacanth Keeping 
Acacia Constant (English Method of Emulsification) 

A mucilage of tragacanth containing 0.1% sodium 
benzoate and 0.187 Gm. of tragacanth in 10 cc. of 
the mucilage was used. Mucilage of acacia U.S. P 
was employed. In making the emulsions the oil 
was added in about one cc. portions to the mixture 
of mucilages, triturating each portion of oil until 


well emulsified before making the next addition 


liver oil, linseed oil and mineral oil, a mixture of 
tragacanth and acacia gave products which showed 
less creaming than when using acacia alone (3). 
Likewise, in the case of these oils when using 0.1 
part of tragacanth with or without the addition of 
acacia the emulsions were stable over a period of 5 
days of standing. With castor oil, the use of traga- 
canth in combination with acacia did not appear to 
be of any advantage. 


Table [V.—Variation in Proportion of Tragacanth Keeping Acacia Constant 
(English Method) 
Cod Liver Oil Linseed Oil Castor Oil Mineral Oil 

Aver Aver Aver- Aver 

age age age age 
Size of Size of Size of Size of 

Parts of A ppearance Oil Appearance Oil Appearance Oil Appearance Oil 
Traga Parts of of Emulsion Glob of Emulsion Glob- of Emulsion Glob- of Emulsion Glob- 
canth@ Acacia® 3 Hours ules 3 Hours ules 3 Hours ules 3 Hours ules 

j 0.01 1.0 Creaming A Creaming D Stable B Creaming B 

0.03 1.0 Creaming t Creaming D Creaming D Creaming D 

0.07 1.0 Creaming D Oil Sep. D Creaming D Creaming D 

0.10 1.0 Creaming D Oil Sep. D Oil Sep. D Oil Sep. D 


* Number of parts of gum used for 4 parts of oil and 2 parts of water 
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Table V. 


Use of Homogenizer 


Cod Liver Oil 
Aver 


Linseed Oil Castor Oil Mineral Oil 





Aver Aver Aver 
age age age age 
Size of Size of Size of Size of 
Parts of Appearance Oil Appearance Oil Appearance Oil Appearance Oil 
lraga Parts of of Emulsion Glob of Emulsion Glob of Emulsion Glob of Emulsion Glob 
canth® Acacia® 3 Hours ules 3 Hours ules 3 Hours ules 3 Hours ules 
0.1 1.0 Stable B Stable B> 
0.05 1.0 Creaming B Stable B 
0.01 1.0 Creaming B Creaming B 
0.005 1.0 Creaming 3 Creaming B 
0.1 0.6 Stable A? Stable A? 
0.05 0.6 Stable A Stable A 
0.01 0.6 Stable A Stable A 
0.005 0.6 Stable A Stable A 
0.1 0.1 Stable A> Stable A> Creaming B Stable ct 
0.05 0.1 Stable A Stable A Oil Sep D Stable ( 
0.01 0.1 Stable A Stable A Oil Sep D Creaming ( 
0.005 0.1 Creaming A Creaming A Oil Sep D Creaming ( 
0.1 0.013 Stable A? Stable A’ Oil Sep D Stable c 
0.05 0.013 Stable A Stable A Oil Sep D Stable + 
0.01 0.013 Stable A Stable A Oil Sep D Creaming D 
0.005 0.013 Creaming A Creaming A Oil Sep D Creaming D 
0.1 0.0 Stable A? Stable A' Oil Sep D Stable Cc 
0.05 0.0 Stable A Stable A Oil Sep . D Stable & 
0.01 0.0 Oil Sep B Stable B Oil Sep D Oil Sep i 
0 005 0.0 Oil Sep B Creaming B Oil Sep D Oil Sep D 
Number of parts of gum used for 4 parts of oil and 2 parts of water 
Emulsions were stable over a period of 5 days of standing 
Viscosity Measurements on Mucilages In view surements were taken at 25° C rhe viscosities of 
of the fact that the addition of tragacanth retarded acacia and tragacanth mucilages and mixtures of 


creaming in certain oil-water-acacia emulsions made 


in the homogenizer, the question arose as to how this 


these mucilages are given in Table VI 


effect was to be explained It has been commonly Table VI Viscosities of Aca ia and Tragacanth 
, . Mucilages and Their Mixtures 
thought that the addition of tragacanth in such cases : 
: ‘ a > tl : ; Per Cent of Mucilage 
retards creaming by increasing the viscosity of the Expressed in Volume 
emulsion. However, Rowson (4) has reported that raga Viscosity in Second 
A canth Acacia 0 $ Day 7 Day 
the viscosity of mixtures of mucilages of acacia and 100 0 Te 19.2 23 () 
tragacanth is less than that of either of the muci 90 10 0.6 0.6 0.6 
lages alone 75 25 0.4 0.4 0.4 
1 SO 5 ) ) 
In the present study, viscosity measurements on w) 0.4 0.4 0.4 
29 io 0.4 0.4 0.8 
were made on various mucilages to test the conclu 10 a0 12 12 14 
sions of Rowson Viscosity measurements were also 0 100 9 () 2 0 292 
made on emulsions containing mixtures of acacia hos of uuieiiane ta dave 
and tragacanth, in order to determine whether or 
not the beneficial effect of tragacanth may be as rhe results of Table VI show that when mucilages 


cribed to viscosity or whether it is due to some other 
factor 
SM) 


In the preparation of the mucilage of acacia, 


Gm. of acacia was dissolved in 1000 cc. of water by 
One-tenth per cent sodium 


When 


making the mucilage of tragacanth, using 18.75 Gm 


triturating in a mortar 


benzoate was added as a _ preservative 


of tragacanth for 1000 cc. of water, the water was 


first heated to boiling and then the gum was added 


of tragacanth and acacia are mixed in any propor 


tion, the viscosity of the resulting mixture is less 


than that of either mucilage alone When mucilages 


of tragacanth and acacia were mixed, there was 


separation into two layers within several hours in all 
cases except when 90 parts of mucilage of acacia was 


mixed with 10 parts of mucilage of tragacanth 


Homogenization of the mucilage did not prevent 


separation Ihe layer on top had the appearance of 


The mixture was allowed to stand, shaking fre mucilage of tragacanth, and the layer on the bottom 

quently, until a uniform mucilage resulted Like appeared to be mucilage of acacia rhese findings 

wise, 0.1% sodium benzoate was added are in accord with Rowson’s results (4). Some of 
Using a stop watch, viscosity measurements were the mucilages showed an increase in viscosity after 

made by noting the time in seconds, required for a several days of standing 

steel ball, '/, inch in diameter, to descend through a Viscostties of Emulston Viscosity measure 

30 ecm. column of the mucilage in a Nessler tube ments were made on emulsions, using the same 


The mixtures of mucilages were made by measuring 


the mucilages in a glass-stoppered, graduated cylin 


method of determining viscosity as described in the 


preceding experiment. In this work, a steel ball 


der and shaking thoroughly. The mixtures of s inch in diameter was employed 
mucilages were allowed to stand for several minutes The viscosities of emulsions are given in Table 
before making viscosity measurements. The mea- VII 


; of 


of 


ith 


nie 
he 
all 


le 
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Table VII.—Viscosities of Cod Liver Oil Emulsions 


Parts of Parts of 

Acacia® Tragacanth® Method of Preparation 
1.0 0 Mortar 
1.0 0.1 Mortar 
1.0 0.4 Mortar 
1.0 0.1 Mortar 
1.0 0.4 Mortar 
1.0 0 Homogenizer 
0 0.1 Homogenizer 
0 0.4 Homogenizer 
1.0 0.1 Homogenizer 
1.0 0.4 Homogenizer 
1.0 0.4 Mortar and 


homogenizer 


® Number of parts of gum used for 4 parts of oil. 


Average Size 


Appearance of Emulsion of Viscosity In 
3 Hours Globules Seconds 
Stable A 0.6 
Creaming A 0.6 
Stable A 1.8 
Creaming D 0.6 
Stable D 1.0 
Stable A 0.6 
Stable? A 0.8 
Stable® D 26.0 
Stable? A 0.8 
Stable? A 17.5 
Stable A 8.0 


6 Emulsion was stable during a period of standing of seven days. 


The results of Table VII showed that tragacanth 
in combination with acacia caused little increase in 
the viscosity of the emulsions when made by the 
mortar method. All emulsions made by this 
method showed creaming within a day. When 
using a hand homogenizer, there was a marked in- 
crease in viscosity with an increase in the amount of 
tragacanth with or without the use of acacia. All 
emulsions containing tragacanth, with or without 
acacia, were stable during a period of one week of 
standing when the entire preparation was homoge- 
nized. 


DISCUSSION OF RESULTS 


Tragacanth is generally considered inferior to 
acacia as an emulsifying agent as it gives emulsions 
which are not as white as similar emulsions made 
with use of acacia. 

Smith and Hazley (5) showed that a mixture of 
tragacanth and acacia was a more efficient emulsify- 
ing agent than either gum alone. It has been com- 
monly thought that the addition of tragacanth in 
such cases retards creaming by increasing the vis- 
cosity of the emulsion. However, it was reported 
by Rowson (4) that the viscosity of mixtures of 
mucilages of acacia and tragacanth is less than that 
of either of the mucilages alone. The explanation 
put forth by Rowson is that the addition of mucilage 
of acacia to mucilage of tragacanth results in a de- 
hydration of the gel masses of tragacanth and their 
deposition as white floccules. The results of the 
present study verified the conclusions of Rowson as 
applied to mixtures of mucilages. 

In the present investigation, viscosity determina- 
tions were carried out on emulsions containing 
mixtures of acacia and tragacanth. When the 
emulsions were made by means of a mortar and 
pestle, it was necessary to add tragacanth in rather 
high proportions before an increase in viscosity was 
noted. However, when the emulsions were pre- 
pared by use of a hand homogenizer, the viscosity of 
the emulsions was markedly increased when traga- 
canth was present either alone or with acacia. 
Smith and Hazley (5) also found that tragacanth in- 
creased the viscosity of emulsions made with acacia. 
It appears that in an emulsion much of the acacia is 
adsorbed as a film on the oil globules and thus does 


not have the marked dehydrating effect on traga- 
canth gels it would have if present in solution in the 
continuous phase (4). 

With aid of the hand homogenizer, the use of as 
little as 0.013 part of acacia along with 0.1 part of 
tragacanth, for four parts of oil, yielded emulsions 
which were whiter than when using tragacanth alone. 
The emulsions showed much less creaming than when 
using acacia alone. It was found satisfactory to 
place the oil, the separate mucilages and the water 
in the homogenizer in the order named and then to 
proceed with homogenization of the entire mixture. 
The results held true for cod liver oil, linseed oil and 
mineral oil but not for castor oil; with the latter oil 
the use of tragacanth in combination with acacia did 
not appear to be of any advantage. 

Viscosity measurements on cod liver oil emulsions 
showed that a high viscosity was not necessary to 
give an optimum product. In some instances, an 
emulsion of high viscosity showed more creaming 
than an emulsion of lower viscosity. From the 
results obtained, it appears likely that tragacanth, 
when used in making emulsions of oils with aid of a 
homogenizer, exerts an effect as an emulsifying agent 
by some means other than mere viscosity. In this 
connection, it is of interest to note the statement 
made by Serrallach, Jones and Owen (6) regarding 
an emulsion of cod liver oil containing three emulsi- 
fiers, 7. e., tragacanth, acacia and agar. These 
authors state that tragacanth gives a quick film 
formation, acacia acts as a film strengthener and 
agar increases viscosity. 

SUMMARY 

A study was made of the emulsification of 
fixed oils and mineral oil by various methods. 
In the preparation of emulsions by use of a 
hand homogenizer, it was found that a mix- 
ture of acacia and tragacanth gave better 
results than either gum alone. The mixture 
of gums gave emulsions which were whiter 
than emulsions made with tragacanth alone, 
and showed less creaming than emulsions 
made with acacia alone. These results held 
true for cod liver oil, linseed oil and mineral 
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oil, but not for castor oil. Experiments 
showed that the use of tragacanth in com- 
bination with acacia was of no advantage if 
the emulsions were made with a mortar and 
pestle. From the results of viscosity de- 
terminations, it appears that the beneficial 
results obtained by addition of tragacanth in 
certain cases are due to factors other than 
viscosity alone. 
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Book Reviews 


Chemotherapie backterieller Infektionen, by G. 
Domack and C. Hecier; the first volume in a 
series of Beitrdge zur Arzneimitteltherapie edited by 
L. LENDLE and R. ScnHoen. 185 pp. Hirzel, Leip- 
zig, 1940 

This book by Domagk, the discoverer of pronto- 
sil, and by a clinician, Hegler, concerns bacterial 
chemotherapy with sulfanilamide derivatives and 
azo dyestuffs. The first half is by Domagk, re- 
viewing the chemistry and experimental chemo- 
therapy of the compounds; the second half by Heg- 
ler reviews clinical observations. Mention is made 
of a sulfanilamide derivative called Mesuden (chemi- 
cal constitution not synthesized by 
Klarer, effective in animals against Vibrion septique, 
B. oedematiens (Novy’s bacillus) and the Welch- 
Fraenkel bacillus (B. phlegmones emphysematosae). 
From book review in Arch. Pharm. og Chemt., 47 
(1940), 641.—C. S. L. 


disclosed), 


6th Edition. Coun- 
317 pages, 4'/s x 7'/,. 
Dental 


Accepted Dental Remedies 
cil on Dental Therapeutics 
1940 
$1.00 

This volume is published by the American Dental 


Chicago: American Association, 


Association and it serves the same general purpose as 
the New and Nonofficial Remedies edited by the 


American Medical Association. Only those drugs 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


which are considered of greatest importance in den- 
tistry are included; and the substances which are 
acceptable to the American Dental Association are 
listed together with the names of the manufacturers. 
A number of general articles have been added. 
Here the pharmacist has an access to many dental 
formulas which should result in a better codperation 
between pharmacists and dentists.—A. G. D. 


Family Expenditures for Medical Care. Miscel- 
laneous Publication No. 402. U.S. Department of 
Agriculture in coéperation with the Work Projects 
Admiuaistration, 241 pages, 1941. The Superintend- 
ent of Documents, Washington, D. C. Price, 30 
cents. 

This publication, which is one of a series of con- 
sumer purchases studies, is a report of family expen- 
ditures for medical care written from data gained in 
the large scale, government conducted studies. It 
shows how much farm, village and small city families 
in different income levels, various localities and a 
variety of occupations spend for medical care. It 
includes not only the professional services of physi- 
cians, dentists and specialists, but also other items 
as medicines, drugs, eye-glasses and hospitalization. 

The publication contains much of interest to phar- 
macists, everyone of whom should have a copy in 
their possession.—A. G. D. 


Useful Drugs. Edited by Ropert A. HATCHER. 
12th Edition, 268 pages, 4'/, x 7'/s, 1940. Chicago: 
American Medical Association. Price, $.75. 

The American Medical Association has published 
a pocket-sized booklet to provide the physician with 
information of drugs which are considered very 
important in the medical practice. In addition to 
the incompatibilities, properties, doses, uses and im- 
portant preparations, descriptions are also given 
for some official and N. N. R. drugs. Only drugs 
which would increase the interest of the physician in 
prescribing drugs of proven therapeutic effects are 


included. This booklet should also prove of value 
to pharmacists.—A. G. D. 
Catalysis, Inorganic and Organic. By Sopuia 


BERKMAN, JACQUE C. MORRELL and GustTAv EGLOFF. 
xi + 1130 pages, 6 x 9 in., 1940. Published by 
Reinhold Publ. Corp., New York. $18.00. 

The phenomenon of catalysis is thoroughly re- 
viewed and all phases of catalysis are discussed. In 
the first half of the book there are chapters on ad- 
sorption, inhibitors, carriers, promoters and poisons. 
Catalytic reactions in inorganic chemistry and the 
conditions which affect these reactions are also in- 
cluded. 

The remaining chapters consider the type reac- 
tions of the various catalysts and the applications of 
catalysts, especially in the petroleum industry. 
Numerous references are given at the end of each 
chapter and the catalytic reactions are classified. 
A. G. D. 
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